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COMPAQ Computer Corporation 


COMPAQ COMPUTER CORPORATION 
COMPAQ DESKPRO 386 
ONE YEAR LIMITED WARRANTY 


Definitions 


This one year limited Warranty applies to all models 
of the COMPAQ DESKPRO 386 Personal Computer. During 
the one year period of this Warranty, it also covers 
any optional or accessory product(s) manufactured or 
sold by COMPAQ Computer Corporation ("COMPAQ") and 
installed by an Authorized COMPAQ Computer Dealer or 
an Authorized COMPAQ Warranty Service Provider, in a 
COMPAQ DESKPRO 386 Personal Computer. The COMPAQ 
DESKPRO 386 Personal Computer and the covered 
optional or accessory products are the "COMPAQ 
Products" referred to in this Warranty. This one 
year limited Warranty, however, does not apply to 
the COMPAQ DUAL-MODE MONITOR, or to any other 
optional or accessory product not internally 
installed in the COMPAQ DESKPRO 386 Personal 
Computer. 


You are the "Purchaser", if you are the original 
purchaser of the COMPAQ Product from either COMPAQ 
or an Authorized COMPAQ Computer Dealer. This 
Warranty only applies to original Purchasers, and is 
not transferable to anyone who purchases the COMPAQ 
Product from you. 


The "Date of Purchase” is the date you originally 
purchased the COMPAQ Product, and is shown on the 
original Authorized COMPAQ Computer Dealer or COMPAQ 
proof of purchase. Your sales receipt, showing the 
Date of Purchase, the COMPAQ Product(s) purchased, 
and the name of the Authorized COMPAQ Computer Dealer 
that sold you the COMPAQ Product(s), serves as your 
proof of the Date of Purchase. 


Warranty 


COMPAQ warrants to you, the Purchaser, that the 
COMPAQ DESKPRO 386 Personal Computer you have 
purchased from an Authorized COMPAQ Computer Dealer 
or from COMPAQ is free from defects in materials and 
workmanship for a period of one year from the Date 

of Purchase. 


COMPAQ further warrants to you, the Purchaser, that 
any optional or accessory products manufactured or 
sold by COMPAQ, which you purchase on or after the 
Date of Purchase of the COMPAQ DESKPRO 386 Personal 
Computer, covered by this limited Warranty, and which 
are installed in that COMPAQ DESKPRO 386 Personal 
Computer by an Authorized COMPAQ Computer Dealer or 
an Authorized COMPAQ Warranty Service Provider, are 
free from defects in materials and workmanship for a 
period of one year from the Date of Purchase of the 


COMPAQ DESKPRO 386 Personal Computer in which such 
COMPAQ Product(s) are installed. If the optional 
or accessory products are purchased for installation 
in the COMPAQ DESKPRO 386 Personal Computer less 
than ninety (90) days prior to the expiration of the 
one year limited warranty applicable to the COMPAQ 
DESKPRO 386 Personal Computer, then the optional or 
accessory products are covered by the ninety (90) 
day limited warranties accompanying such products. 


This further warranty does not apply to any optional 
or accessory products which have previously been 
installed in any COMPAQ or other computer prior to 
their installation in the COMPAQ DESKPRO 386 
Personal Computer covered by this limited warranty. 


This further warranty also does not apply to the 
COMPAQ DUAL-MODE MONITOR or to any other optional or 
accessory product used in connection with, but not 
installed in, the COMPAQ DESKPRO 386 Personal 
Computer covered by this limited Warranty. 


Remedies 


During the Term of this Warranty, at no additional 
charge to the Purchaser, COMPAQ will repair or 
replace any defective parts of the COMPAQ DESKPRO 
386 Personal Computer purchased under this limited 
Warranty, or of the optional or accessory products 
covered by this limited Warranty, with new or, at the 
option of COMPAQ, refurbished parts. To obtain this 
repair or replacement service, the Purchaser must 
return the COMPAQ Product to an Authorized COMPAQ 
Computer Dealer or COMPAQ. The Purchaser also may 


return the COMPAQ Product to a participating 
Authorized COMPAQ Computer Warranty Service 
Provider, at the Service Provider's option. The 
Purchaser must prepay any shipping charges. In 
addition, the Purchaser is responsible for insuring 
any product so returned and assumes the risk of loss 
during shipping. All parts and products replaced 
under this Warranty become the property of COMPAQ. 


Warranty Claim Requirements 


To claim service pursuant to this Warranty you, the 
Purchaser, must: 


di. Provide any Authorized COMPAQ Computer Dealer, 
COMPAQ, or a_ participating Authorized COMPAQ 
Computer Warranty Service Provider with proof of the 
Date of Purchase from an Authorized COMPAQ Computer 
Dealer or COMPAQ. 


2s Return the COMPAQ Product to an Authorized 
COMPAQ Computer Dealer, COMPAQ, or at the Service 
Provider's option, a participating Authorized COMPAQ 
Computer Warranty Service Provider. The Purchaser 
must prepay any shipping charges. In addition, the 
Purchaser is responsible for insuring any product 
shipped for return, because under this Warranty the 
Purchaser assumes the risk of loss during shipping. 


3. The Purchaser may request information on how to 
obtain Warranty service by contacting any Authorized 
COMPAQ Computer Dealer. For the location of the 
Authorized COMPAQ Computer Dealer nearest you, call 
the Authorized COMPAQ Computer Dealer locator 
service toll-free at 1-800-231-0900 (except in 
Alaska). 


4. The Purchaser may also request information on 
how to obtain Warranty service by writing to the 
Customer Relations Department at COMPAQ Computer 
Corporation, 20555 FM 149, Houston, Texas 77070. 


Disclaimers 


THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS 
NOT PURCHASED FROM COMPAQ OR AN AUTHORIZED COMPAQ 
COMPUTER DEALER. THIS LIMITED WARRANTY ALSO DOES 
NOT EXTEND TO ANY PRODUCTS WHICH HAVE BEEN DAMAGED 
OR RENDERED DEFECTIVE (a) AS A RESULT OF ACCIDENT, 
MISUSE, OR ABUSE; (b) BY THE USE OF PARTS NOT 
MANUFACTURED OR SOLD BY COMPAQ; (c) BY MODIFICATION, 
OR (d) AS A RESULT OF SERVICE BY ANYONE OTHER THAN 
COMPAQ, AN AUTHORIZED COMPAQ COMPUTER DEALER, OR AN 
AUTHORIZED COMPAQ COMPUTER WARRANTY SERVICE 
PROVIDER. 


EXCEPT AS EXPRESSLY SET FORTH ABOVE, COMPAQ MAKES NO 
OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT 
NOT LIMITED TO, ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE, AND COMPAQ EXPRESSLY DISCLAIMS ALL 
WARRANTIES NOT STATED HEREIN. IN THE EVENT THE 
PRODUCT IS NOT FREE FROM DEFECTS AS WARRANTED ABOVE, 
YOUR SOLE REMEDY AS THE PURCHASER SHALL BE REPAIR OR 
REPLACEMENT AS PROVIDED ABOVE. UNDER NO 
CIRCUMSTANCES WILL COMPAQ BE LIABLE TO THE PURCHASER, 
OR TO ANY USER, FOR ANY DAMAGES, INCLUDING ANY 
INCIDENTAL OR CONSEQUENTIAL DAMAGES, EXPENSES, LOST 
PROFITS, LOST SAVINGS, OR OTHER DAMAGES ARISING OUT 
OF THE USE OR INABILITY TO USE THE COMPAQ PRODUCT. 


ANY IMPLIED WARRANTIES ARE LIMITED TO THE TERM OF 
THIS EXPRESS LIMITED WARRANTY. 


SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION 
OF INCIDENTAL OR CONSEQUENTIAL DAMAGES FOR CONSUMER 
PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITATIONS 
ON HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE 
LIMITATIONS OR EXCLUSIONS MAY NOT APPLY TO YOU. 


THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND 
YOU MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE 
TO STATE. 


PREFACE 


This guide provides hardware and firmware (ROM) 
information for the COMPAQ DESKPRO 386™ Personal 
Computer for: 


= Developers who want to know more about the 
hardware in their system and general theories 
about how the system works. 


= Technicians or engineers who need technical 
information to design accessories for the system. 


= Programmers who need to know about the hardware 
(programmable devices) and firmware for 
programming purposes. 


= Individuals or companies who want to know how the 
DESKPRO 386 operates and how to access its many 
features. 


This document assumes an understanding of the Intel 
80286 microprocessor and of personal computers based 
on that microprocessor. Familarity with the 
following manuals is essential to understanding this 
document. 


= COMPAQ®80286-based Products Technical Reference 
Guide (part no. 102786) 


= The Lotus® /Intel® /Microsoft® Expanded Memory 
Specification (part no. 300275) 


This document supplements, but does not replace the 
following Intel publications: 


= jAPX 286 Programmer's Reference Manual (part no. 
210498) 


= jAPX 286 Hardware Reference Manual (part no. 
210760) 


= Introduction to the 80386 (part no. 231252) 


= 80386 High Performance Microprocessor with 
Integrated Memory Management (Data Sheet) (part 
no. 231630) 


= 80386 Programmer's Reference Manual (part no. 
230985) 


= 80386 System Software Writer's Guide (part no. 
231499) 


= 80386 Hardware Reference Manual (part no. 231298) 


For more information about these Intel publications, 
write or call: 


Intel Literature Sales 
P.O. Box 58130 
Santa Clara, CA 95052-8130 
800-548-4725 
Source: CQ 


This document only applies to Intel Corporation 
manufactured parts and parts from Intel licensees. 


HOW THIS GUIDE IS ORGANIZED 


This guide is divided into two sections: SYSTEM and 
OPTIONS. 


The SYSTEM section includes Chapters 1 through 7, 
which give information about the system board, memory 
boards, and other components that are essential to 
the system. Chapter 4 presents programming 
considerations and BIOS information. Chapter 1 is a 
system overview. You should read Chapter 1 first. 


The OPTIONS section, Chapters 8 through 12, presents 
technical information on many of the options that can 
be added to the system. 


The book is delivered in two volumes. The index 
covering both volumes is included at the end of each 
volume. 


The appendixes are included in Volume 2. Appendix A 
lists the system error messages. Appendix B 
illustrates the international versions of the COMPAQ 
Enhanced Keyboard and the COMPAQ 84-Key Keyboard. 


NOTATIONAL CONVENTIONS 


Values 


I/0 addresses and other values are in hexadecimal 
notation when shown with a letter "h" suffix. Memory 
addresses are always in hexadecimal and are expressed 
as SSSS:0000, where SSSS is a 16-bit segment and 0000 
is a 16-bit offset. All other numbers are decimal. 


Ranges 


Ranges or limits on a parameter are shown as a pair 
of values separated by two dots (..). For example, 
4..0 includes numbers 4, 0, and every number in 
between (3, 2, and 1). 


Signal Labels 


Signal values are labeled as AO, Al, Al5. Signal 
names are in uppercase letters. Signals whose names 
have a dash (-) suffix are negative true, or active 
when low. To represent any signal from a group of 
signals with similar names, a letter "x" is used. 
For example, BEx- could represent any of the 


following four signals: BEQ-, BE1-, BE2-, or BE3-. 


Bit values are labeled as bit 7, bit 6, bit 0. 


Register Notation and Usage 


The standard Intel naming conventions are used for 
the 80386 registers. AX, BX, CX, and DX are the 
names of the general registers when used as word- 
length registers (16-bit). AH, AL, BH, BL, CH, CL, 
DH, and DL are the names for the general registers 
when they are used as byte-length registers (8-bit). 
When addresses are handled, BX usually contains the 
offset. However, SI (source index) or BP (base 
pointer) may also be used with the ES register. 


Register-set boxes shown shaded are ignored on input 
or unchanged for output. An exception is that the 
contents of AX are not guaranteed to be preserved 


across all calls. Always reload the function code in 


AH and the parameter in AL (if any) to repeat a call. 


Bit Notation 


Bit fields within a byte or word are shown as a range 
of decimal numbers separated by two dots <..> and 
enclosed in angle brackets. For example, reference 
to the four most-significant bits in a word is made 
with <15..12>. The higher number, representing the 
most-significant bit, is on the left. 


Common Abbreviations 


The following acronyms and abbreviations are used 
throughout this guide: 


Acronym Meaning 

ACK acknowledge 

BCD binary-coded decimal 

BIOS bidirectional input/output system 
CGA color graphics adapter 

DMA direct memory access 

dword 32-bit double word 

ECC error correction code 

EGA enhanced graphics adapter 

ESDI enhanced small device interface 
FAT file allocation table 

HDR header 

INT interrupt 

LIM Lotus/Intel/Microsoft 

LSI large scale integration 

RAM random-access memory 

RMS root_mean square 

ROM read-only memory 

RTC real-time clock 

SDLC synchronous data link control 


Units of Measure 


Abbreviaton Meaning 


A ampere 

oe. 23i* so) Begneae Wel sits sore ws. bre 
PF. | | _sidegrees' Fahrenheit | 2 oe 
in inch 


EEE 


kb kilobit 


LS: aS) OS a eo 
Kg ads pate AMMO ye at tsar gk ee 
kHz kilohertz 

kohm kilo ohm 

2 ie Men lS 2 at ie cl a ae 
5 oC) ee 
es CO i 
m meter 

us microsecond 


SS ree 


mm millimeter 


ns nanosecond 

pF picofarad 

1b pound 

RPM revolution per minute 
5 second 

TPI tracks per inch 

V volt 


Ww watt 
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1.1 INTRODUCTION 


This chapter describes the key design considerations 
and technical features of the COMPAQ DESKPRO 386 
Personal Computer. 


In the COMPAQ DESKPRO 386, COMPAQ set out to create 
the highest-performance personal computer compatible 
with 8-MHz 80286 industry standards. Achieving this 
goal required innovative design of the various system 
components. The result is a 32-bit system capable of 
delivering the best performance and functionality of 
any existing personal computer. This achievement has 
not compromised the system's capability for using the 
large variety of personal computer software and 
hardware products on the market today. Each 
subsystem, including the microprocessor, system and 
expansion buses, memory, and mass storage, has been 
optimized to provide the maximum performance and 
flexibility a user needs to tailor the system to 
powerful business applications. 


Typical applications for which the power of the 
COMPAQ DESKPRO 386 is particularly well-suited 
include large spreadsheets and databases, computer- 
aided design (CAD), network file servers, and expert 
systems. 


The COMPAQ DESKPRO 386 incorporates the Intel 80386 
microprocessor as the basis of its 32-bit 
architecture. The 16-megahertz (MHz) speed of the 
microprocessor, coupled with the performance benefits 
of the 32-bit architecture, provides exceptional 
performance well beyond the reach of most personal 
computer products currently using 16-bit 
architectures. In contrast to other 32-bit 
architectures, the most innovative feature of the 
COMPAQ DESKPRO 386 is its compatibility with existing 
software and hardware products designed for the 8088, 
8086, and 80286 members of the Intel microprocessor 
family. In the COMPAQ tradition, the COMPAQ 

DESKPRO 386 has been designed with uncompromising 
attention to detail. 


The 80386 offers upward compatibility with software 
designed for the 8088, 8086, and 80286 by providing 
Real and Protected modes of execution that are fully 
compatible with these products. In addition, the 
80386 and the COMPAQ DESKPRO 386 hardware 
architecture provide a number of other functions, 
such as the Virtual 8086 mode and simulation of 
various system speeds. These various system speeds 
allow timing-dependent applications to execute 
without modifications. These functions give the 
COMPAQ DESKPRO 386 a level of compatibility improved 
even beyond what the 80286 can achieve for personal 
computer applications designed for 8088- and 8086- 
based systems. 


———— 


1-2 Technical Reference Guide 


The COMPAQ DESKPRO 386 uses a 16-MHz 32-bit System 
Memory Board and a 32-bit memory expansion bus for 
maximum bandwidth to the memory subsystem. This 
architecture is critical to COMPAQ DESKPRO 386 
performance, given the high-bandwidth bus 
requirements and 32-bit optimization of the 
instruction prefetch of the 80386. An 8-MHz, 
8-/16-bit expansion bus provides full compatibility 
with industry standard hardware expansion products 
designed for 8-MHz 80286-based personal computers. 


To complement the power of the 80386, the memory 
subsystem design--a paged architecture that utilizes 
leading memory technologies--achieves the highest and 
most cost-effective performance possible with the 
80386. This paged memory architecture is an 
effective method of minimizing the number of wait 
states necessary during memory accesses. Its 
performance compares favorably with other 
architectures, such as interleaved memory and 
expensive memory-caching methods that use high-speed 
static RAM components. The paged memory architecture 
allows the 16-MHz 80386 to deliver computing power 2 
to 3 times faster than 8-MHz 80286-based systems. 
(This comparison is based on existing applications 
using the 16-bit 80286 instruction set.) 


Later chapters stress the significant improvements in 
performance to be gained by using the 32-bit 
instruction set of the 80386. For example, 32-bit 
memory MOVE operations can potentially double the 
data-transfer speed from one location in memory to 
another. The 80386 microprocessor, bus, and memory 
subsystems give the COMPAQ DESKPRO 386 outstanding 
performance, even with existing applications that 
have not been optimized for the 32-bit architecture 
of the 80386. Figure 1-1 compares the performance of 
the COMPAQ DESKPRO 386 CPU and memory subsystem with 
that of other classes of personal computer products. 
The COMPAQ DESKPRO 386 performance estimates shown 
are for typical 16-bit applications not optimized for 
the 80386 and for optimized functions using the 32- 
bit instruction set (based on 32-bit integer 
arithmetic functions). 
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To maintain the overall performance of the system, 
the mass storage devices have also been designed to 
minimize the access time and maximize the storage 
capacity of the disk subsystem. Improved data 
storage capacities in a class of high-performance 
drives unequaled on previous personal computer 
products provide the disk storage required by many of 
the powerful applications available for personal 
computer products. 


The COMPAQ DESKPRO 386 supports either a 40-megabyte 
(MB) or a 130-MB fixed disk drive. The 40-MB fixed 
disk drive contains an integrated controller. The 
controller provides exceptional access speed and 
capacity suitable for the most powerful applications 
in a cost-effective, half-height form. This half- 
height form allows four storage devices to be 
installed. A typical configuration of storage 
devices is two diskette drives, a fixed disk drive 
back-up, and a 40-MB fixed disk drive. The 40-MB 
drive has a 5 megabit per second (mb/s) data-transfer 
rate with an access time of less than 30 milliseconds 
(ms). This drive provides a significant improvement 
in the storage capacity and average access times of 
drives available with 80286-based products. 


The 130-MB fixed disk drive uses a compatible 
enhanced small device interface (ESDI) controller for 
applications requiring large storage areas, such as 
large databases and file servers. The 130-MB drive 
has a 10-mb/s data-transfer rate with an access time 
of less than 25 ms. 


The advent of 40- and 130-MB drives necessitates an 
appropriate fixed disk drive back-up. The 40-MB 
fixed disk drive back-up (tape drive) not only 
provides greater storage capacity on fewer 
cartridges, but it also has a data-transfer rate of 
500 kilobits per second (kb/s). The new 40-MB tape 
drive incorporates error correction code capabilities 
(ECC) to ensure greater data integrity. The 40-MB 
tape drive uses the 3M DC2000 cartridge. 


An optional Intel 8-MHz 80287 Data Coprocessor can 
be installed in the system to provide maximum 
performance for floating-point-intensive 
applications. The calculation speed of the 8-MHz 
80287 is key to providing exceptional performance in 
many CAD/CAM, engineering, or scientific 
applications. 


Because the high performance and extensive 
compatibility of the COMPAQ DESKPRO 386 make it the 
appropriate choice for a variety of power users, the 
video display options offer comparable flexibility. 


COMPAQ offers two optional video boards: a COMPAQ 
Enhanced Color Graphics Board and a COMPAQ Video 
Display (VDU) Controller Board. The VDU, currently 
used in all other COMPAQ products, provides color 
graphics adapter (CGA) compatible graphics and high- 
resolution text. The CGA-compatible VDU supports 
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The COMPAQ traditional high-resolution text and 
graphics for applications not requiring color. 

For color and graphics-oriented applications, the 
COMPAQ DESKPRO 386 supports the COMPAQ Enhanced Color 
Graphics Board. To maintain the high-performance 
requirements of the COMPAQ DESKPRO 386, the BIOS code 
for this graphics board has been optimized for 
execution via the 32-bit memory bus. 


COMPAQ offers two monitors: the COMPAQ Color Monitor 
and the COMPAQ Dual-Mode Monitor available with 
either amber or green phosphor. The dual-mode 
monitor is currently used on other COMPAQ DESKPRO 
products to provide CGA-compatible graphics and high- 
resolution text with the COMPAQ Video Display 
Controller Board. This monitor can be used with 
either the COMPAQ Video Display Controller Board or 
with the COMPAQ Enhanced Color Graphics Board. With 
the COMPAQ Enhanced Color Graphics Board, the monitor 
presents fifteen colors as varying intensities of the 
amber or green display. 


The COMPAQ Color Monitor is an enhanced RGB-type 
monitor that can also be used with either the COMPAQ 
Video Display Controller Board or with the COMPAQ 
Enhanced Color Graphics Board. When used with the 
color board, the COMPAQ Color Monitor supports 64 
colors, which are compatible with the enhanced 
graphics adapter (EGA) standard. 


COMPAQ recognizes that the keyboard is one of the 
most important features for the user. For maximum 
flexibility, the COMPAQ DESKPRO 386 supports two 
keyboards: the COMPAQ Enhanced Keyboard (101 keys) 
and the COMPAQ 84-Key Keyboard. These keyboards 
provide the user with the best alternatives to suit 
different needs. The international keyboards are 
also available in these versions. 


Another unique feature of the COMPAQ DESKPRO 386 is 
the COMPAQ Expanded Memory Manager (CEMM) software. 
CEMM combines the capability of the 80386 Virtual 
8086 mode with the memory-paging function. The 
special CEMM utility, which is specific to COMPAQ, 
extends the traditional MS-DOS 640-kilobyte (KB) 
limit of personal computer architecture up to 8 MB 
using the Lotus \Intel\Microsoft (LIM) Expanded 
Memory Specification (EMS). The COMPAQ DESKPRO 386 
provides a standard 256 KB of expanded memory, and 
this amount can be increased to the LIM maximum of 8 
MB by installing additional memory. 


Future applications can take advantage of the 
innovative features of the COMPAQ DESKPRO 386, such 
as the larger linear (non-segmented) address space, 
32-bit instructions, and advanced storage 
capabilities, to further extend the computing 
capabilities of personal computers. 


The remainder of this guide provides detailed 
information about each feature, subsystem, and option 
of the COMPAQ DESKPRO 386 Personal Computer. 
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1.2 COMPAQ DESKPRO 386 
CONFIGURATION SUMMARY 


The following paragraphs highlight the main features 
of the COMPAQ DESKPRO 386. 


System Unit: 


= Intel 80386 microprocessor, primary features 
include: 
- 32-bit architecture 
- 16-MHz processor speed 
- Compatible with 8-MHz 80286 hardware and 
software 


= Eight expansion slots 
- One 32-bit memory slot supporting up to 
10 MB of RAM without taking an expansion 
slot 
- Four full-size 8-/16-bit 
- Three 8 bit (two full and one half-size) 


= Standard 32-bit System Memory Board with 
- 1 MB of RAM installed 
- Sockets for an additional 1 MB of memory 
- Connectors for attaching one of two different 
32-bit Memory Expansion Boards, bringing total 
32-bit memory supported to either 4 MB or 10 MB 


a Real-time clock 


m Security lock 


m™ Multipurpose Fixed Disk Controller Board, which 
supports the following devices: 
- One or two floppy diskette drives (1.2 MB 
standard, with 360 KB available) 
- One fixed disk drive back-up (tape) 
- One or two (if tape not installed) 40-MB 
fixed disk drives 


=m 4- or 8-MHz 80287 coprocessor socket 

= Up to 14 MB of RAM using COMPAQ options 
= 192-watt steady-state power supply 

= Optional 8-MHz 80287-8 coprocessor 


Standard Interfaces: 
= One 25-pin parallel printer interface 


™ One 9-pin asynchronous communications interface 
Special Software: 


COMPAQ Expanded Memory Manager (CEMM), a special 
software driver that allows use of the 256-KB RAM 
beyond the MS-DOS 640-KB real-memory limitation for 
applications that follow the Lotus/Intel/Microsoft 
(LIM) Expanded Memory Specification (EMS) and for a 
RAM disk. 


Keyboards: 
= COMPAQ Enhanced Keyboard 
= COMPAQ 84-Key Keyboard 


Overview 1-7 


Configurations: 
Monitors and Video Boards: 
COMPAQ DESKPRO 386 - Model 40 
COMPAQ Color Monitor and COMPAQ Enhanced Color 


m One megabyte of 32-bit RAM Graphics Board 


= One 1.2-MB diskette drive = 64 colors, with 16 displayable at one time (256-KB 
= One 40-MB fixed disk drive, with an average access memory standard) 
time under 30 ms = 640 x 350 display-resolution (EGA compatible) 
= Remaining expansion slots available = Board requires one full-size 8-bit expansion slot 
- Three full-size 8-/16-bit OR 
~ Three 8-bit (two full and one half-size) COMPAQ Dual-Mode Monitor and COMPAQ Video Display 


Controller Board 
COMPAQ DESKPRO 386 - Model 130 


: = Amber or green dual-mode monitors 
= One megabyte of 32-bit RAM 


; = Displays high-resolution text and graphics 
™ One 1.2-MB diskette drive 


; . ; = Board requires one full-size 8-bit expansion slot 
= One 130-MB fixed disk drive, with an average 


access time under 25 ms Storage Devices: 


™ Remaining expansion slots available = 360 KB or additional 1.2-MB half-height diskette 
- Two full-size 8-/16-bit drive 
- Three 8-bit (two full and one half-size) 
= One 40-MB half height fixed disk drive back-up 


(tape) 
™ Second 40-MB half-height fixed disk drive (fixed 


disk drive back-up not supported in this 
configuration) 
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Memory: 


1-MB Memory Upgrade Kit (used to expand unit to 
2-MB on System Memory Board or add second 1-MB to 
1- to 2-MB 32-Bit Memory Expansion Board using 
thirty-six 256-kb x 1 RAM static column devices) 


1- to 2-MB 32-Bit Memory Expansion Board (expands 
total 32-bit RAM to 3 MB or 4 MB) 


4- to 8-MB 32-Bit Memory Expansion Board (expands 
total 32-bit RAM to 6 MB or 10 MB) 


4-MB Memory Upgrade Kit (used to expand second 

4 MB on 4- to 8-MB 32-Bit Memory Expansion Board 
using thirty-six 1-mb x 1 RAM static column 
devices) 


0.5- to 2-MB 16-Bit Memory Expansion Board (used 
for RAM beyond 4 MB or 10 MB; two may be 
installed) 


512-KB Memory Upgrade Kit (used to expand 0.5- to 
2-MB 16-Bit Memory Board) 


Table 1-1. COMPAQ DESKPRO 386 System Environmental 
Specifications 


Air Operating 
Temperature 


50°F to 104°F 
(10°C to 40°C) 
Nonoperating 50°F to 140°F 
(10°C to 60°C) 


Shipping -22°F to 140°F 
(-30°C to 60°C) 
Humidity Operating 20% to 80% 


(Noncondensing) 
Nonoperating 5% to 90% 
(Noncondensing) 
Maximum Operating 10,000 ft. (3 000 m) 
Altitude Nonoperating 50,000 ft. (15 000 m) 
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2.1 INTRODUCTION 


This chapter describes the architecture and basic 
theory of operation of the COMPAQ DESKPRO 386 system 
board components. The operation and characteristics 
of the 32-bit memory and the 8-/16-bit expansion 
buses are also described. 
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Figure 2-1 is a block diagram of the functions 
included on the system board. Figure 2-2 shows the 
physical layout of the major components and 
interconnections of the system board. 
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Figure 2-1. Functional Block Diagram of System Board 
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Figure 2-2. System Board Layout Highlighting Major Components and Interconnections 
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2.2 CENTRAL PROCESSING UNIT 


The central processing unit (CPU) of the COMPAQ 
DESKPRO 386 is the 80386 microprocessor--the most 
advanced member of the Intel microprocessor family. 
This processor uses a 32-bit architecture and 
advanced functions to provide the power and 
capability traditionally associated with minicomputer 
architectures. The 32-bit architecture includes the 
internal registers and the address and data buses. 
The preeminent aspect of the 80386, however, is that 
it provides this greatly increased performance while 
maintaining upward compatibility with software 
written for other, less powerful members of the Intel 
microprocessor family--the 8088/8086 and the 80286. 
The 80386 can execute existing software, without 
modifications, at a significantly higher speed than 
can its predecessors. The system is capable of even 
greater performance and functionality running new 
software written to take advantage of its advanced 
features. Much of the compatibility of the 80386 
depends on its modes of operation. 


Modes of Operation 


The 80386 allows software compatibility by providing 
the same operating modes as the 80286. The Real and 
Protected modes of the 80386 are fully compatible 
with the 80286 instructions that use 8- and 16-bit 
operands. In addition, the 80386 extends register 
width as well as address and data paths to 32 bits. 
This improves performance on large integer 
calculations, data transfers, and large memory 
models. These additional functions are transparent 
to applications ‘not taking advantage of them. 


Real Mode 


When power is applied or a reset operation occurs, 
the 80386 enters the Real mode and provides all the 
capabilities and limitations of this mode, which is 
compatible with the 80286. The Real mode allows only 
1 MB of physical memory to be addressed and does not 
provide any memory protection features. Memory is 
addressed via the segment registers with the 
traditional 64-KB limitation on segment size. The 
major distinction between the Real mode of the 80386 
and that of the 80286 microprocessor is that 32-bit 
operands can be used with the extended instruction 
set of the 80386. This 80386 superset of the 80286 
instruction set allows operations such as 
multiplication to use 32-bit register or memory 
operands. Data transfers from one location of memory 
to another can occur 32 bits at a time, potentially 
improving the data-transfer speed twofold. 


eee 
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Protected Mode 


The 80386 Protected mode offers features compatible 
with the 80286, and fully supports the following 
80286 features--the memory protection, addressing via 
segment selectors, and 16-bit instruction set. It 
also allows for improved functions unique to the 
80386. For example, larger segment sizes (that is, 
4 gigabytes (GB) on the 80386 as compared with 64 KB 
on the 80286), memory paging, I/0 protection, the 
Virtual 8086 mode, and the Protected mode's full 32- 
bit extended instruction set offer functions beyond 
the capability of the 80286. These functions allow 
much more powerful software products, which were 
until now limited to minicomputers, to be implemented 
in the COMPAQ DESKPRO 386. Many of these 
applications, such as artificial intelligence expert 
systems, require a large linear address space and 
exceptional CPU performance to accommodate their size 
and complexity. 


Virtual Mode 


The 80386 also offers the Virtual mode to provide 
significantly improved compatibility and protection 
for concurrent execution of Real mode applications 
with future Protected mode operating systems. The 
Virtual mode allows applications written for the 
8088, 8086, or 80286 Real mode to be executed within 
the privilege levels defined by the Protected mode. 
In contrast, the 80286 does not allow for security in 
Real mode applications, because the microprocessor 
must be in the Real mode to execute these 
applications. 


The Virtual mode, in combination with memory paging, 
allows the Real mode address space to be simulated 
anywhere in the physical address space of the 80386. 
In addition, the 80386 I/0 protection features permit 
the operating system to trap all or a selected set of 
I/0 ports for device protection. 


The COMPAQ Expanded Memory Manager (CEMM) illustrates 
the innovative use of these features. CEMM is 
described in Chapter 4, Software Aspects and BIOS. 
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2.3 CPU OPERATIONS 


The increased CPU clock rate, optimizations of the 
internal 32-bit architecture, and the enhanced 
instruction set are the basis of the improved 
performance of the 80386. 


The 80386 is driven by a 32-MHz clock. A 16-MHz 
clock synchronized to the same phase of the 32-MHz 
clock is also generated for a number of other 
operations in the system that must be synchronized to 
the CPU. The internal and external cycles of the 
80386 are measured relative to the 62.5-nanoseconds 
(ns) period of the 16-MHz clock. 


Improvements in the internal architecture of the 
80386 include a 32-bit prefetch mechanism, 
instruction pipelining, and a minimized number of CPU 
cycles required to execute complex instructions such 
as multiplication. 


The COMPAQ DESKPRO 386 hardware system, including the 
memory expansion bus and the memory subsystem, has 
been optimized to take advantage of these 
architectural improvements for maximum performance. 


Table 2-1 describes the CPU status signals. 
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Table 2-1. Description of Status Signals 

CPU Signal Name 1/0 Description 

READY- (TRANSFER ACKNOWLEDGE) I This signal indicates when the current bus cycle is completed. The 
processor samples READY- on every bus cycle until it is active, indicating 


a_completed cycle. The CPU normally remains in the not-ready state. 


HOLD (BUS HOLD REQUEST) I When a device other than the CPU has control of the bus, HOLD is active. 
RESCPU always has a higher priority than HOLD. HOLD is used for devices 


requesting access to the CPU bus. 


HLDA (BUS HOLD ACKNOWLEDGE) 0 When the CPU relinquishes control of the bus to another device, HLDA is 
active. HLDA is driven by the CPU only; it is not bidirectional. 
RESCPU (SYSTEM RESET) ft The RESCPU signal resets the 80386. The specific steps involved in the 


power-on sequence are described in the section entitled "Power-On System 
Initialization” in Chapter 4. 

ADS- (ADDRESS STATUS) 0 This output signal (when rising) indicates that a valid status and address 
has been put on the bus by the CPU and the 32-bit memory board should 
begin (or complete) its cycle if it is selected (M32- set low). This line 


is always high during a DMA or bus master operation. 


M/10 (MEMORY or I/O) 0 This signal characterizes the type of cycle in progress as either memory 


or I/0. Refer to Table 2-2 for the type of cycle indicated. 


Note: Input (I) and output (0) designations are with respect to the CPU. 


(Continued) 
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Table 2-1. Description of Status Signals (Concluded) 


CPU Signal Name 1/0 Description 


D/C (DATA-CONTROL) 0 This signal chracterizes the type of cycle in progress as either data or 
control. Refer to Table 2-2 for the type of cycle indicated. 

W/R (WRITE-READ) 0 This signal characterizes the type of cycle in progress as either a read 
or write cycle. Refer to Table 2-2 for the type of cycle indicated. 

NA- (NEXT ADDRESS) I This input signal indicates to the CPU when the system board is done with 


the address and status information. This indicates that the CPU may put 
the address and status for the next cycle on the bus. 

BEx- (BYTE ENABLE) 0 These output signals (BEO-, BE1-, BE2-, and BE3-) are used by the CPU to 
indicate which of the 4 bytes of a 32-bit memory access to use. BEO- 


selects the least-significant byte. 
PEREQ I The 80287 uses PEREQ to request a memory access by the 80386. 


BUSY- (COPROCESSOR BUSY) I The 80287 activates BUSY- to indicate to the 80386 that an instruction 


execution is in progress. 
ERROR Not Used 
BS16- (Not used) 
LOCK- (Not used) 


Note: Input (I) and output (0) designations are with respect to the CPU. 


CPU Bus 


CPU bus refers collectively to the control, address, 
data, and status signals of the 80386 microprocessor 
interface. 


The CPU bus is a 32-bit non-multiplexed address and 
data bus. When a cycle begins, the CPU places an 
address and status signals on the bus. The status 
signals define the type of cycle that is to take 
place. These signals are used by the bus controller 


to interface with the 32-bit memory expansion bus and 
the 8-/16-bit expansion bus. The 8-/16-bit expansion 


bus signals are fully compatible in function and 
timing with those provided by the 8-/16-bit bus in 
8-MHz 80286-based systems. Thus, the bus controller 
maintains compatibility with existing hardware 
expansion products designed for 80286-based systems. 


All memory accesses to the CPU bus are done on a 32- 
bit basis. The CPU uses signals BEQ-, BE1-, BE2-, 
and BE3- to indicate which of the 4 bytes in a 32- 


bit double-word are to be accessed. Figure 2-3 shows 


how the signals correspond to the four bytes. These 
CPU signals are used by the expansion bus controller 
to generate the SAO, SAl, and BHE signals. These 


signals are compatible with the expansion bus used in 


8-MHz 80286-based products. Table 2-2 gives the bus 


cycle status definition for the BHLDA, M/IO, D/C, and 


W/R status signals. 
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| Most-Significant Word 


Least-Significant Word 


Most-Significant 


Least-Significant 


Most-Significant Least-Significant 
Byte 


Byte Byte Byte 
L D31 De4 | De3 D6 | DIS D8 | D7 DO 
PD31 PDe4 PD2e3 PDI6 = PDIS PDS PD7 PDO 
BE3- BEe- BE1- BEO- 


Figure 2-3. 


Organization of a 32-Bit Double Word 


2-10 Technical Reference Guide 


oo nam” 


Table 2-2. Bus Cycle Definitions 


BHLDA_M/IO_—D/C__—SW/R__ Cycle Type 
0 0 0 0 CPU Interrupt Acknowledge 


0 0 0 1 Invalid Cycle Type 

0 0 1 0 CPU 1/0 Read 

0 0 i 1 CPU I/0 Write 

0 di 0 0 CPU Memory Instruction 
Prefetch Read 

0 1 0 1 CPU Halt or Shutdown 

0 1 1 0 CPU Memory Data Read 

0 1 1 1 CPU Memory Data Write 

1 0 0 0 Invalid Cycle Type 

1 0 0 1 Non-CPU Refresh Read 

1 0 1 0 Non-CPU Memory Write 

1 0 1 1 Non-CPU Memory Read 


(See Note) 


1 1 0 0 Invalid Cycle Type 
1 1 0 1 Non-CPU Refresh Cycle 


1 1 1 0 Non-CPU Cycle 
(See Note) 

1 1 1 1 Non-CPU, No Cycle in 
Progress 


Note: This cycle can occur during the transition to 
and from memory write cycles. 
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32-Bit Memory Expansion Bus 


The 32-bit memory expansion bus is an essential 
component of the COMPAQ DESKPRO 386 system. The bus 
optimizes the memory subsystem to take advantage of 
the 32-bit architecture of the 80386. Without the 
size and speed of the memory expansion bus, the 80386 
would be limited to a performance equivalent to that 
of the 80286 products. This bus is not intended to 
be a general-purpose, industry standard 32-bit bus. 
It is simply a mechanism to optimize the performance 
of the COMPAQ DESKPRO 386 memory subsystem for the 
80386 architecture. 


The memory expansion bus is intended for use by 32- 
bit high-speed memory expansion boards. These boards 
are designed to take advantage of the speed and bus 
pipelining features of the 80386. With the CPU 
operating at 16 MHz, and each 32-bit memory operation 
using two cycles, the memory system is required to 
perform a full memory cycle in 125 ns. Generally, 
the memory system interfacing with this bus should 
take advantage of the bus pipelining. Bus pipelining 
produces a gain of one clock cycle, which allows the 
microprocessor to perform address decoding while 
executing the previous bus cycle. 


The memory expansion bus is implemented by an 80-pin 
connector on the system board. A second power/ground 
connector is also provided to improve the power 
distribution to the large memory subsystem. The 
address and status signals on the memory expansion 
bus are generated directly by the CPU. This close 
coupling minimizes the signal delay between the CPU 
and memory control circuitry residing on the memory 
board. 


It should be noted that the signals on the memory 
expansion bus are limited to those associated with 
memory cycles. No I/0-related signals exist on the 
memory expansion bus. Also note that the memory 
expansion bus limits the addressing of physical 
memory to 16 MB. The PA31 signal on the bus 
addresses special memory-mapped registers in the 
COMPAQ DESKPRO 386 memory board. Table 2-3 describes 
each of the signals on the memory expansion bus. 
Refer to the section entitled "Connectors" later in 
this chapter for the connector pinout. 
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Table 2-3. 32-Bit Memory Expansion Bus Signals 


Signal Name I/0 Description 
PARIT- I This input signal is used to signal the CPU about parity errors. It has a 20-kilo-ohm (kohm) 
pull-up resistor and can be driven low by either an open-collector-type output or a normal output 


capable of sinking 4.0 mA and sourcing 1.0 mA when a memory parity error occurs. 


PDO 1/0 These bidirectional signals are the 8 bits of the CPU data bus selected at an address that 
PD1 ends in 00 (binary). They should be used for the transfer of memory data when the 32-bit bus is 
PD2 selected. These lines should be driven during 32-bit memory read cycles when qualified by the 
PD3 BEO- signal going active. At other times this bus should not be driven. During a write cycle, 
PD4 the data on these lines is valid only when BEO- is active. The bus should have a maximum 1.0-mA 
PD5 load in the low state and 0.4-mA load in the high state when driven by the system board and a 
PD6 maximum capacitive loading of 40 picofarad (pF). The 32-bit system memory board must be able to 
PD7 drive 120 pF, sink 4.0 mA, and source 1.0 mA when driving these lines. 
PD8 I/0 These bidirectional signals are the 8 bits of the CPU data bus selected at an address that 
PDS ends in 01 (binary). These lines are qualified by BE1- in the same way BEO- qualifies PDO 
PD10 through PD7, described previously. The electrical parameters are the same as those for PDO 
PD11 through PD7. 
PD12 
PD13 
PD14 
PD15 
PD16 1/0 These bidirectional signals are the 8 bits of the CPU data bus selected at an address that 
PD17 ends in 10 (binary). These lines are qualified by BE2- in the same way BEO- qualifies PDO 
PD18 through PD7, described previously. The electrical parameters are the same as those for PDO 
PD19 through PD7. 
PD20 
PD21 
PD22 
PD23 
(Continued) 
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Table 2-3. 32-Bit Memory Expansion Bus Signals 


Signal Name 1/0 Description 
PD24 1/0 These bidirectional signals are the 8 bits of the CPU data bus selected at an address that 
PD25 ends in 11 (binary). These lines are qualified by BE3- in the same way BEO- qualifies PDO 
PD26 through PD7, described previously. The electrical parameters are the same as those for PDO 
PD27 through PD7. 
PD28 
PD29 
PD30 
ae a ee ge eee I A rT ee Sa Se ee ee ea ee 
PA2 1/0 These output signals (and PA31) address memory devices and special control registers on the 32- 
PA3 bit memory bus. They form the high-order 22 bits of the 24-bit standard address that the system 
PA4 offers. The bus should have a maximum 1.0-mA load in the low state and 0.4-mA load in the high 
PAS state with a maximum capacitive loading of 40 pF. 
PA6 
( PA7 
PA8& 
PAS 
PA10 
PA11 
PA12 
PA13 
PA14 
PA15 
PA16 
PA17 
PA18 
PA19 
PA20 
PA21 
PA22 
PA23 
PA31 0 This output signal (in addition to PA2 through PA23) addresses special control registers or 
system memory on the 32-bit memory bus. The line should have a maximum 1.0-mA load in the low 


state and 0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 
i (Continued) 
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Table 2-3. 32-Bit Memory Expansion Bus Signals 


Signal Name I/0 Description 

LOWA20 0 This output signal (when low) indicates when the address line PA20 should be ignored and the 
address decoded as if the PA2ZO line was low. When high, the PA20 line is decoded normally. 
This signal provides software compatibility for those programs that expect only a 1-MB address 
space. The line should have a maximum 1.0-mA load in the low state and 0.4-mA load in the high 


state with a maximum capacitive loading of 40 pF. 


BEO- 0 This output signal (when low) indicates when the 32-bit system memory board should operate on 
the PDO through PD7 data lines. The line should have a maximum 1.0-mA load in the low state and 


0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 


BE1- 0 This output signal (when low) indicates when the 32-bit system memory board should operate on 
the PD8 through PD15 data lines. The line should have a maximum 1.0-mA load in the low state 
and 0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 


BE2- 0 This output signal (when low) indicates when the 32-bit system memory board should operate on 
the PD16 through PD23 data lines. The line should have a maximum 1.0-mA load in the low state 


and a 0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 


BE3- 0 This output signal (when low) indicates when the 32-bit system memory board should operate on 
the PD24 through PD31 data lines. The line should have a maximum 1.0-mA load in the low state 


: and 0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 


RST- 0 This output signal is used to reset the hardware during power-on or power failure. This signal 
is not synchronous with the CLK32 or CLK16- lines. It is active low. 
CLK32 0 This output signal is for the main processor clock. Its frequency is 32 MHz with a duty cycle 


of approximately 50 percent. This line should be used as the timing reference for all CPU 
memory cycles. The line should have a maximum 1.0-mA load in the low state and 0.4-mA load in 


the high state with a maximum capacitive loading of 40 pF. 


CLK16- 0 This output signal provides a reference for the internal processor clock phase. Its frequency 
is 16-MHz with a duty cycle of approximately 50 percent. This line is high during CPU phase one 
and low during phase two. The line should have a maximum 1.0-mA load in the low state and 
0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 

M32- I This input signal (when low) indicates that the 32-bit memory system board has decoded an 
address that it will handle. This line should be decoded ONLY from the address and LOWA20 lines 
as it is used during both CPU cycles and other bus master cycles. It should be driven by an 


output capable of sinking 4.0 mA and sourcing 1.0 mA with a 50-pF load. 


(Continued) 
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Table 2-3. 32-Bit Memory Expansion Bus Signals 


Signal Name 1/0 Description 

BHLDA 0 This output signal, when inactive (low), indicates that the CPU has control of the bus. When 
active, some other bus master has control of the bus. This line should be used to determine the 
protocol used by the memory board for a memory cycle. The signal should have a maximum 1.0-mA 
load in the low state and a 0.4-mA load in the high state with a maximum capacitive loading of 
40 pF. 

ADS- 0 This output signal (when rising) indicates that valid status and address has been put on the bus 
by the CPU and that the 32-bit system memory board should begin (or complete) its cycle if it is 
selected (M32 set low). This line is always high when a direct memory access (DMA) or bus 
master operation is occurring. The signal should have a maximum 1.0-mA load in the low state 


and a 0.4-mA load in the high state with a maximum capacitive loading of 40 pF. 


M/10 0 This output signal is one of the status lines that indicate the type of cycle in progress. 
Refer to Table 2-2 for the type of cycle indicated. The signal should have a maximum 1.0-mA 
load in the low state and a 0.4-mA load in the high state with a maximum capacitive loading of 
40 pF. 

D/C 0 This output signal is one of the status lines that indicate the type of cycle in progress. 
Refer to Table 2-2 for the type of cycle indicated. The signal should have a maximum 1.0-mA 
load in the low state and a 0.4-mA load in the high state with a maximum capacitive loading of 
40 pF. 

W/R 0 This output signal is one of the status lines that indicate the type of cycle in progress. 
Refer to Table 2-2 for the type of cycle indicated. The signal should have a maximum 1.0-mA 
load in the low state and 0.4-mA load in the high state with a maximum capacitive loading of 
40 pF. 

MRDY- I This input signal is used to signal the end of a memory cycle when the 32-bit system memory 
board is accessed by the CPU. This signal has a 20-kohm pull-up resistor to hold it inactive 
when a 32-bit board is not installed. It should be driven by an output capable of sinking 
4.0 mA and sourcing 1.0 mA with a 50-pF load. 

NAM- I This input signal is used to signal the CPU when the 32-bit system memory board is finished with 
the address and status information and that the CPU may put out its next address. This signal 
has a 20-kohm pull-up resistor to hold it inactive when a 32-bit system memory board is not 
installed. It should be driven by an output capable of sinking 4.0 mA and sourcing 1.0 mA with 


a 50-pF load. 


(Continued) 
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Table 2-3. 32-Bit Memory Expansion Bus Signals (Concluded) 
Signal Name I/0 Description 


GND -- These lines are connected to the system DC ground. The maximum current allowed on any single 
contact is 1.5 amperes (A). = 

+5 VDC -- These lines are connected to the system power supply for 5 volts (V). In addition to the 
maximum power available from the supply, the maximum current allowed on any single contact is 
LSA. 


ee mn 


ee ee ee 
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In order to provide maximum flexibility to the memory 
subsystem, the 32-bit memory expansion bus has 
operational priority over the 8-/16-bit expansion 
bus. Memory cycles relevant to the memory subsystem 
connected to the 32-bit bus do not appear on the 
8-/16-bit bus. Memory boards connected to the memory 
expansion bus indicate to the bus controller, via the 
M32- signal, whether a memory cycle is decoded and 
processed by the memory board. M32- is active when 
the memory bus is processing the request. In the 
case of cycles other than memory cycles, or when M32- 
is not activated by the 32-bit memory board, the bus 
controller presents the entire cycle, in a form 
compatible to the 8-/16-bit expansion bus. 


The bus controller uses the CPU bus pipelining to 
present to the bus the address of the next cycle 
while completing the final cycle of the previous 
operation. Since the system board does not know 
whether the next cycle is to be directed to the 
32-bit or 8-/16-bit bus, it always starts the CPU 
pipelining with the NA- signal. NA- is derived 
either from the NAM- signal on the 32-bit memory bus 
or equivalent (NAB) condition from other devices on 
the board or expansion bus. It is required that the 
32-bit memory not complete a pipelined memory cycle 
before the bus controller is finished with a system 
cycle. The memory board should use the rising edge 
of ADS- to ensure completion of any bus controller 
cycle in progress. 


If the 32-bit memory board is to operate with no wait 
states, it must drive the NAM- signal as soon as a 
valid memory cycle is detected. If wait states are 
inserted, the NAM- signal can be driven later in the 
memory cycle. Once a memory cycle completes, the 
memory board must assert the MRDY- signal to indicate 
the completion of the memory cycle. During a read 
cycle, the data signals should be driven with the 
appropriate information. The required access time 
and cycle times of the memory board are listed in 
Table 2-4. Figure 2-4 shows the timing 
characteristics of typical 32-bit memory cycles. 


Table 2-4. Memory Expansion Bus Timing Requirements 


Time 
Cycle (In Nanoseconds) 
From status inactive setup to BHLDA high 4 
From status inactive hold to BHLDA low 51 
Refresh cycle time (M/I0 low) min 235 
max 265 
Refresh address set-up to M/I0 low 76 
Refresh address hold after M/10 high 210 
Data valid after M/IO low during BHLDA high 
write cycle 61 
Required data access time from M/I0 during 
BHLDA high read cycles 167 
Minimum cycle time (M/IO low) during BHLDA 
high 250 
Minimum total cycle time (M/I0 low to M/IO 
high) during BHLDA high 375 


(Continued) 
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Table 2-4. Memory Expansion Bus Timing Requirements 
(Concluded) 
Time 


Cycle (In Nanoseconds) 


Required MRDY- set-up to CLK32 during CPU 


cycle 27 
Required MRDY- hold from CLK32 during CPU 

cycle 1 
Required NAM- set-up to CLK32 during CPU cycle 17 
Required NAM- hold from CLK32 during CPU 

cycle 18 
Note: Refer to Intel 80386 specification for 


additional timing information. 


8-/16-Bit Expansion Bus 


The 8-/16-bit expansion bus is essential for the 
COMPAQ DESKPRO 386 to provide an interface fully 
compatible with I/0 and memory expansion boards 
designed for existing 8-MHz 80286-based systems. 

This bus, however, is intended primarily for use by 
I/0 devices. Access to memory via the 16-bit bus 
severely constrains the COMPAQ DESKPRO 386 system 
performance for data or programs loaded with the 
16-bit memory. The bus controller on the system board 
has the responsibility of monitoring the CPU signals. 
The bus controller decodes and translates the bus 
cycles to match, in function and timing, the 
8-/16-bit bus of 8-MHz 80286-based systems. The bus 
controller uses the signals from the CPU to generate 
the 8-/16-bit expansion bus signals. 


Table 2-5 lists the 8-/16-bit expansion bus signals 
and provides a description of each. Refer to the 
section entitled "Connnectors" to see the pinout for 
this connector. 
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Table 2-5. 8-/16-Bit Expansion Bus Signals 


Signal 
Name Description 
IOCHK- This input signal is used to signal the CPU about parity or other serious errors on expansion memory 


boards plugged into the expansion bus. This signal should be driven low by an open-collector-type output 


capable of sinking 20 mA when an uncorrectable system error occurs. 
They should be used exclusively 


SDO These bidirectional signals are the low 8 bits of the system data bus. 

SD1 by all 8-bit devices to transfer data. Also 16-bit devices should use these lines to transfer only the 
SD2 low byte of a data word when the address line AO is low. These signals can be driven by an expansion 
SD3 board acting as a bus master. 

SD4 

SD5 

SD6 

SD7 

$D8 These bidirectional signals are the high 8 bits of the system data bus. Also, 16-bit devices should use 
SD9 these lines to transfer the high half of a data word when the line SBHE- is low. They can be driven by 
ay an expansion bus board acting as a bus master. 

$D12 

$D13 

$D14 


$D15 

BUSRDY This input signal lengthens a bus cycle from its standard time when an expansion board cannot respond 
quickly enough. It should be pulled low by an open-collector-type device as soon as a slow addressed 
device is selected and held low until the device has responded. Bus cycles are lengthened by an integral 
number of (BCLK) cycles. This line should not be held low for more than 2.5 microseconds (us). This 
line should be driven by an open-collector device capable of sinking 20 mA. 

AEN This output signal when inactive (low) indicates that the CPU or other bus master has control of the bus. 
When active, the DMA controller has control of the bus. This signal is often used to disable devices 


that_must not respond during a DMA cycle. 


(Continued) 
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Table 2-5. 8-/16-Bit Expansion Bus Signals 


Signal 
Name 
SAO 
SAl 
SA2 
SA3 
SA4 
SA5 
SA6 
SA7 
SA8 
SAQ 
SA10 
SA11 
SA12 
SA13 
SA14 
SA15 
SA16 
SA17 
SA18 
SA19 


Description 

These bidirectional signals address memory or I/0 devices within the system. They form the low-order 20 
bits of the 24-bit address bits that the system offers. These lines are enabled onto the bus while BALE 
is high and are latched when BALE goes from a high to a low state. These signals can be driven by an 
expansion bus board acting as a bus master. 


RESDRV This output signal resets the hardware during power-on or power failure. 


(Continued) 
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Table 2-5. 8-/16-Bit Expansion Bus Signals 


Signal 

Name Description 

IRQ3 These input signals interrupt the CPU to request some service. The interrupt is recognized when a line 
IRQ4 goes from a low to a high state and remains there until the appropriate interrupt service routine is 
IRQ5 executed. 

IRQ7 

IRQ9 

IRQ1O 

IRQ11 

IRQ12 

IRQ14 

IRQ15 
DRQO These input signals (Dma ReQuest) are used to request a DMA service from the DMA subsystem or to gain 
DRQ1 control of the system bus from the main CPU. The request is made when a line goes from a low to a high 
DRQ2 state and remains there until the appropriate DAKx (Dma AcKnowledge) line goes active. 

DRQ3 

DRQ5 

DRQ6 

DRQ7 

NOWS- This input signal (No Wait State) informs the system that standard wait states can be deleted for cycles 


when this signal is made active. The line must be pulled low before the falling edge of BCLK in order to 
be recognized. It should be driven by an open-collector device capable of sinking 20 mA. 

SMWTC- This output signal (Standard Memory Write) is active (low) only when an address from 000000h to OFFFFFh 
is decoded. This signal is derived from MWTC-. 


SMRDC- This output signal (Standard Memory Read) is active (low) only when an address from 000000h to OFFFFFh is 
decoded. This signal is derived from MRDC-. 

IOWC- This output signal (I/O Write) indicates (when low) when an I/O device is to accept the data from the 
data bus. It can be driven by an expansion bus adapter acting as a bus master. 

IORC- This output signal (1/0 Read) indicates (when low) when an I/O device is to send data to the data bus. 


It can be driven by an expansion bus board acting as a bus master. 


(Continued) 
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Table 2-5. 8-/16-Bit Expansion Bus Signals 


Signal 

Name Description 

DAKO- These output signals (Dma AcKnowledge) indicate that a request for a DMA service from the DMA subsystem 
DAK1- has been recognized. The acknowledge is indicated by a low on one of these lines. One of these lines 
DAK2- should be used to decode the DMA device with the IORC- or IOWC- line to indicate selection. If used to 
DAK3- signal acceptance of a bus master request, this signal indicates when it is legal to pull GRAB- low. 
DAK5- 

DAK6- 

DAK7- 


REFRESH- This output signal indicates (when low) a refresh cycle in progress. It should be used to enable the SAO 
through SA7 address lines to the row address inputs of all banks of dynamic memory so that when the MRDC 
goes active, the entire system memory is refreshed at one time. It can be driven by an expansion bus 


board acting as a bus master. 


BCLK This output signal allows synchronization with the main processor clock. Its frequency is approximately 
8 MHz with a duty cycle of 50 percent. 

T/C This output signal (when high) indicates that the terminal count of a DMA operation has been reached. It 
should be decoded with the appropriate DAKx line for proper operation. 

BALE This output signal (when high) indicates that a valid address is present on the LAxx address lines. The 


LAxx address lines or any decodes developed from them should be latched at the falling edge of BALE. 


This line is always high when a DMA or bus master operation is occurring. 


OSC This output signal is a clock for use in timing applications. Its frequency is 14.31818 MHz with a duty 
cycle of approximately 50 percent. 
SBHE- This output signal (System Bus High Enable) indicates (when low) that the high half of the SDx data bus 


should transfer the data on boards that support the full 16-bit data bus. It can be driven by an 
expansion bus board acting as a bus master. 


LA17 These output signals (Latchable Address) decode memory which must respond with 0 or 1 wait state. 
LA18 They are guaranteed to be valid only when BALE is high. They can be driven by an expansion bus board 
LA19 acting as a bus master. 
LA20 
LA21 
LA22 
LA23 
(Continued) 
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Table 2-5. 8-/16-Bit Expansion Bus Signals 


Signal 
Name Description 
MRDC- This output signal (Memory Read) indicates (when low) when a memory device is to send data to the data 


bus. This signal is active over the entire address space of the system. It may be driven by an 
expansion bus board acting as a bus master. —— 

MWTC- This output signal (Memory Write) indicates (when low) when a memory device is to accept the data from 
the data bus. This signal is active over the entire address space of the system. It may be driven by an 
expansion bus board acting as a bus master. 

M16- This input signal (Memory is 16 bits) notifies the system that the addressed memory is capable of 
transferring 16 bits of data at once. When this line is made active during a memory read or write, the 
standard, 1-wait-state memory cycle is run. This line should be derived from the LAxx address 
lines. It should be driven low by an open-collector device capable of sinking 20 mA. 

1016- This input signal (1/0 is 16 bits) signals the system that the addressed I/0 device is capable of 
transferring 16 bits of data at once. When this line is made active during an I/O read or write, the 
standard, 1-wait-state I/0 cycle is run. This line should be driven low by an open-col lector 
device capable of sinking 20 mA. 

GRAB- This input signal indicates that a board-mounted bus master is controlling the bus. A board pulls 
this line low when the appropriate DAKx line is made active, signalling that a master request is granted. 
The system address and data and control lines are floated, allowing the board to begin controlling them 
one full BCLK period after GRAB- becomes active. At least one more full BCLK period should be allowed 
after putting a valid address on the bus before activating any of the control lines. This line should 
be driven by an open-collector device capable of sinking 20 mA. 

GND These lines are connected to the system DC ground. The maximum current allowed on any single 
contact is 1.5 A. 


(Continued) 
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Table 2-5. 8-/16-Bit Expansion Bus Signals (Concluded) 


Signal 
Name Description 
+5 VDC These lines are connected to the system power supply for 5 V. In addition to the maximum power 
available from the supply, the maximum current allowed on any single contact is 1.5 A. 
-5 VOC This line is connected to the system power supply for minus 5 V. This supply is intended for low current 


usage only. 
-12 VDC This line is connected to the system power supply for minus 12 V. This supply is intended for low 


current usage only. 
+12 VDC This line is connected to the system power supply for plus 12 V. The maximum current allowed on this 


contact is 1.5 A. 


I 


When the CPU begins a bus cycle, it asserts its 
address and status signals. Due to the pipelining, 
the address signals are asserted typically while the 
previous bus cycle is taking place. Because most 
devices on the expansion bus expect the address 
signals to be valid during the entire bus operation, 
the address lines are latched to provide signals SA2 
through SA19 to the expansion bus. The ALE signal 
latches the address lines. A set of unlatched 
address lines LA17 through LA23 is also provided on 
the expansion bus for high-speed devices to provide a 
greater set-up time for these devices. A set of 
buffers connected to the CPU address signals PA17 
through PA23 provides the unlatched address signals 
to the expansion bus. 


Address lines SAO and SAl as well as the BHE signals 
of the expansion bus are generated by the bus 
controller using the BEO- through BE3- CPU status 
signals. These signals indicate which bytes are to 
be accessed from the full 32-bit double-word memory 
access. The SAO, SAl, and SBHE- signals are asserted 
on the bus at the rising edge of ALE, making their 
timing very similar to that of the other address 
signals (for example, SA2 through SA19) on the bus. 
All the address signals on the bus are disabled when 
the CPU responds to a HOLD request so that another 
device (such as the DMA controller) can control the 
address bus. 
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Address line PA20 requires special handling to 
maintain compatibility with 80286-based products. 
The PA20 signal can be disconnected from the bus and 
driven low via the LOWA20 signal from the keyboard 
controller. Driving LOWA20 low allows for Real mode 
compatibility with certain application programs 
written for the 8088/8086 that expect automatic 
segment wraparound at the end of the 1-MB address 
space. 


In addition to using the CPU status lines to convert 
to the 80286 bus standard, the bus controller uses 
these status lines to define the type and number of 
cycles that are to occur on the 8-/16-bit bus. For 
example, if a double-word read (32 bits) occurs via 
the 8-bit bus, the bus controller generates the 
appropriate cycles for four consecutive 8-bit read 
operations. 


Table 2-6 gives the 8- and 16-bit cycle definitions 
according to the state of the CPU status signals. 
The I016- signal is active low and, when active, 
indicates that the device accessed on the expansion 
bus is a 16-bit device. The BEx- and SBHE- signals 
are active low. The SAO and SAl signals are active 
high. 
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Table 2-6. 8-/16-Bit Cycle Definitions 


1016-(Note 1) BE3- BE2-  BE1- BEO- SAL SAO oe Cycle Type 

X(Note 2) 1 1 1 0 0 0 Low byte on 8- or 16-bit bus 

1 1 1 0 1 0 1 ; High byte on 8-bit bus 

0 1 1 0 1 0 1 0 High byte on 16-bit bus 

X 1 0 1 1 1 0 1 Low byte on 8- or 16-bit bus 

1 0 1 1 1 1 1 0 High byte on 8-bit bus 

0 0 1 1 1 1 1 0 High byte on 16-bit bus 

0 1 1 0 0 0 0 0 Word on 16-bit bus 

1 1 1 0 0 0 0 0 Word on 8-bit bus (low byte) 

1 1 1 0 0 0 il 0 Word on 8-bit bus (high byte) 

0 1 0 0 1 0 1 0 2 bytes split on 16-bit bus (low word, high byte) 
0 1 0 0 1 1 0 1 2 bytes split on 16-bit bus (high word, low byte) 
1 1 0 0 1 0 1 0 2 bytes split on 8-bit bus (low word, high byte) 
1 1 0 0 1 1 0 1 2 bytes split on 8-bit bus (high word, low byte) 
0 0 0 1 1 1 0 0 Word on 16-bit bus 

1 0 0 1 1 1 0 0 Word on 8-bit bus (low byte) 

1 0 ) 1 1 1 1 0 Word on 8-bit bus (high byte) 


Notes: 1. 1016- signal during I/0 cycles; MEM16- signal during memory cycle. 


2. X means that the value of the signal does not matter for that cycle. 


(Continued) 
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Table 2-6. 8-/16-Bit Cycle Definitions (Concluded) 
1016-(Note 1) BE3- BE2- BE1- BEO- SAI SAO SBHE- Cycle Type 


0 1 0 0 0 0 0 0 3 bytes on 16-bit bus (low word) 
0 3 bytes on 16-bit bus (high word, low byte) 


3 bytes on 8-bit bus (low word, low byte) 

3 bytes on 8-bit bus (low word, high byte) 
3 bytes on 8-bit bus (high word, low byte) 
3 bytes on 16-bit bus (low word, high byte 


em 


0 0 0 1 0 1 

0 0 0 0 0 0 

0 0 0 0 1 0 

0 0 0 1 0 1 

0 0 0 1 0 1 0 
0 0 0 0 1 1 0 0 3 bytes on 16-bit bus (high word) 
i] 0 0 0 1 0 1 0 3 bytes on 8-bit bus (low word, high byte) 
1 0 ) 0 1 1 0 0 3 bytes on 8-bit bus (high word, low byte) 
1 0 0 0 1 1 1 0 3 bytes on 8-bit bus (high word, high byte) 
0 0 0 0 0 0 0 0 4 bytes on 16-bit bus (low word) 
0 0 0 0 0 1 0 0 4 bytes on 16-bit bus (high word) 
1 0 0 0 0 0 0 0 4 bytes on 8-bit bus (low word, low byte) 
1 0 0 0 0 0 1 0 4 bytes on 8-bit bus (low word, high byte) 
1 0 0 0 0 1 ) 0 4 bytes on 8-bit bus (high word, low byte) 
0 


1 1 0 4 bytes on 8-bit bus (high word, high byte) 
Notes: 1. 1016- signal during I/0 cycles; MEM16- signal during memory cycle. 


2. X means that the value of this signal does not matter for that cycle. 


ron 
Oo 
Oo 
Oo 
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The bus controller is also capable of generating a 
number of non-CPU bus cycles. Table 2-7 lists those 
cycles. 


Table 2-7. Non-CPU Bus Cycles 


System Board DMA 
Cycle Types: Bus Access Types 


DMA memory read byte 16-bit RAM Low byte 
DMA memory read byte 16-bit RAM High byte 
DMA memory read byte 8-bit bus Low or high byte 
DMA memory write byte 8-bit bus High byte 
DMA memory write byte 16-bit RAM Low byte 
DMA memory write byte 16-bit RAM High byte 
DMA memory write byte 8-bit bus Low or high byte 
DMA memory read word 16-bit RAM == 
DMA memory write word 16-bit RAM -- 
Refresh Read aa eS 
8-/16-Bit Master 

Cycle Types: Bus Access Types 
Bus master memory read byte 16-bit RAM Low byte 
Bus master memory read byte 16-bit RAM High byte 
Bus master memory read byte 8-bit bus Low byte 
Bus master memory read byte 8-bit bus High byte 
Bus master memory write byte 16-bit RAM Low byte 
Bus master memory write byte 16-bit RAM High byte 


Bus master memory write byte 8-bit bus Low byte 

Bus master memory write byte 8-bit bus High byte 

Bus master memory read word 16-bit RAM -- 
(Continued) 


Table 2-7. Non-CPU Bus Cycles (Concluded) 
8-/16-Bit Master 

Cycle Types: Bus Access Types 
Bus master memory write word 16-bit RAM =o 

Bus master I/0 read byte 16-bit bus Low byte 
Bus master 1/0 read byte 16-bit bus High byte 
Bus master I/0 read byte 8-bit bus Low byte 
Bus master I/0 read byte 8-bit bus High byte 
Bus master I/0 write byte 16-bit bus Low byte 
Bus master I/0 write byte 16-bit bus High byte 
Bus master I/0 write byte 8-bit bus Low byte 
Bus master I/0 write byte 8-bit bus High byte 


Bus master I/0 read word 16-bit bus =e 
Bus master I/0 write word 16-bit bus == 


The primary reason to avoid frequent memory 
operations via the 8-/16-bit bus is that they take 
significantly longer than equivalent operations on 
the 32-bit bus. This degradation occurs when the bus 
controller executes multiple bus memory cycles per 
CPU memory cycle at the 8-MHz expansion bus clock 
rate. For example, to execute a double-word read 

(4 bytes) from an 8-bit device on the 8-MHz 8-/16-bit 
bus with 1 wait state, the bus controller must 
perform four memory accesses. Each memory access 
takes the equivalent of 14 CPU clock cycles at the 
16-MHz rate. The total time required for such an 
operation via the 8-bit bus would be 3.5 us (56 x 
62.5 ns) in contrast to the 125 ns (2 x 62.5 ns) 
required for this operation via the 32-bit, 16-MHz 


J 
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memory expansion bus. Table 2-8 gives the number of Figure 2-4 compares the bus timing for a double-word, 
16-MHz cycles (62.5-ns cycle time) for various types 0-wait-state read operation via the 32-bit bus with 
of memory and I/0 operations on the 8-MHz 8-/16-bit the timing for the same operation via the 8-bit bus. 
expansion bus. Adding a wait state to a cycle The timing is relative to the 16-MHz CPU clock rate. 
requires two additional 62.5-ns clock cycles. Table 2-9 shows the timing characteristics of 


the 8-/16-bit expansion bus. 
Table 2-8. Number of Expansion Bus Cycles for 
Typical CPU Operations 
Bus Number of Cycles Required 
Size 0 Wait 1 Additional Standard 


Operation (In Bits) State Wait State Wait State 


Memory Read 16 4 8 6 
Memory Read 8 6 14 12 
Memory Write 16 4 8 6 
Memory Write 8 6 14 12 
1/0 Read 16 6 8 6 
1/0 Read 8 6 14 12 
1/0 Write 16 6 8 6 


1/0 Write 8 6 14 12 

Note: A standard wait state occurs if the device 
being accessed does not specify the number of 
wait states that should be generated by the 


system. 
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Figure 2-4. Typical 32-Bit Memory Read Bus Timing 
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Table 2-9. 8-/16-Bit Expansion Bus Timing 
Characteristics 


Time 

Cycle (In Nanoseconds) 
CPU 8-bit memory command active time 

(standard wait state) 567 
CPU 8-bit memory command active time 

(0 wait state) 187 
CPU 16-bit memory command active 

(standard wait state) 250 
CPU 16-bit memory command active 

(0 wait state) 125 
CPU 16-bit I/0 command active time 

(standard wait state) 187 
CPU extra wait state time. 125 
Address access time from SAx address, 

16-bit bus read cycle 275 
Address access time from SAQ through 

SA19 addresses, 8-bit bus read cycle 635 
Access time from BALE active, 16-bit 

bus read cycle 292 


MRDC- access time, 16-bit bus read cycle 233 
IORC- access time, 16-bit bus read cycle 170 


Note: A standard wait state occurs if the device 
being accessed does not specify the number of 
wait states that should be generated by the 
system. 

(Continued) 
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Table 2-9. 8-/16-Bit Expansion Bus Timing 
Characteristics 


Time 

Cycle (In Nanoseconds) 
MRDC-, IORC- access time, 8-bit bus read 

cycle 532 
MRDC- access time, 8-bit bus read cycle 514 
Data hold time from MRDC-, IORC- 6 
LAx address valid to 16-bit memory 

command set-up 141 
LAx address valid to M16- active 
requirement 122 
BALE valid to 16-bit memory command set-up 49 
BALE valid to M16 set-up 23 
SAx address valid to 16-bit memory 

command set-up 29 
SAx address valid to I/0, 8-bit 

command set-up 92 
SAO through SA19 address hold from 

command 46 


Note: A standard wait state occurs if the device 
being accessed does not specify the number of 
wait states that should be generated by the 


system. 
(Continued) 
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Table 2-9. 8-/16-Bit Expansion Bus Timing 
Characteristics 


Time 

Cycle (In Nanoseconds) 
CPU write data set-up to MWTC- active, 

16-bit bus memory cycle 2 
CPU write data set-up to IOWC- active 65 
CPU write data valid after MWTC-, IOWC- 

active, 8-bit bus 65 
CPU write data set-up to MWTC-, I0WC- 

inactive, 16-bit bus memory cycle 252 
CPU write data set-up to MWTC-,I0WC= 

inactive, 8-bit bus memory cycle 497 
Refresh MRDC- active time 250 
Refresh address set-up to MRDC- active 69 
Refresh address hold after MRDC- 

active 235 
Maximum allowed delay for refresh wait 

state BUSRDY low from MRDC- active 92 


Note: A standard wait state occurs if the device 
being accessed does not specify the number of 
wait states that should be generated by the 


system. 
(Continued) 


Table 2-9. 8-/16-Bit Expansion Bus Timing 
Characteristics 
Time 


Cycle (In Nanoseconds) 


Refresh wait state BUSRDY set-up to 
BCLK rising edge 5 


CPU memory or I/O command wait state 

BUSRDY high set-up to BCLK rising edge 5: 
Maximum allowed delay for CPU 16-bit 

memory command wait state BUSRDY low 

from command active 143 
Maximum allowed delay for CPU 16-bit 

1/0 command wait state BUSRDY low from 

command active 81 
Maximum allowed delay for CPU 8-bit 

command wait state BUSRDY low from 


command active 440 
CPU minimum command active from BUSRDY 

high after added wait state 139 
CPU maximum command active from BUSRDY 

high after added wait state 283 
Maximum NOWS delay from MRDC- or MWTC- 

16-bit memory cycles 29 


Note: A standard wait state occurs if the device 
being accessed does not specify the number of 
wait states that should be generated by the 


system. 
(Continued) 
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Table 2-9. 8-/16-Bit Expansion Bus Timing Figures 2-5 and 2-6 illustrate the role of the bus 
Characteristics (Concluded) controller by showing a number of 8- and 16-bit 8-MHz 
Time bus cycles relative to typical CPU cycles at the 16- 
Cycle (In Nanoseconds) MHz rate. It is this function--translating the CPU 


cycles and signals into those compatible with the 
80286 expansion bus--that makes the COMPAQ DESKPRO 
386 bus controller an essential factor in ensuring 
compatibility with existing hardware expansion 
products. 


Maximum DMA memory read and I/O write 
command additional wait state BUSRDY 


low delay from memory read command active 187 
Maximum DMA I/O read and memory write 
command additional wait state BUSRDY 


low delay from 1/0 read command active 281 


DMA MRDC- active time 500 
DMA IORC- active time 750 
DMA MWTC-, IOWC- active time 400, 
System memory read access time from 

MRDC- (non-CPU write cycles) 100 
Data valid after MWTC- low for system RAM 

(non-CPU cycles) 290 
Required I/0 data access time from 

IORC- for DMA write to RAM 360 
Data valid after IOWC- low during DMA 

read from RAM 179 
Data set-up to IOWC- high during DMA 

read from RAM 221 


Note: A standard wait state occurs if the device 
being accessed does not specify the number of 
wait states that should be generated by the 
system. 
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Figure 2-6. Typical 8-/16-bit Bus I/0 Timing 
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System Bus Arbitration 


In the COMPAQ DESKPRO 386, a number of functions 
require access to the system bus. These functions 
include RAM refresh, DMA operations, bus master 
operations, and CPU speed control functions. Bus 
arbitration is required when two or more functions 
simultaneously request access to the bus. 


A peripheral obtains access to the bus by asserting 
the HOLD signal. The HOLD signal tells the processor 
to release the bus for access by the peripheral. The 
HLDA signal from the processor indicates when the bus 
is available for use. During the HOLD state, the 
processor tristates its address and data signals. 

The CPU HOLD request set-up time is 22.4 ns. 


Once a peripheral has been granted access to the bus, 
a second bus request will not be acknowledged until 
the first edge of the 8-MHz clock after the first 
peripheral relinquishes the bus. 


CPU Speed Controls 


Another innovative feature in the COMPAQ DESKPRO 386 
is a simulated system speed control. This feature 
has been implemented to provide compatibility with a 
small number of software products that contain 
programs dependent on certain system speeds. 
Typically, these programs contain timing 
idiosyncrasies associated with diskette copy 
protection mechanisms. 


The COMPAQ DESKPRO 386 slows the processor speed when 
the program accesses the diskette drive to allow for 
compatibility with diskette-based copy protection 
schemes. This function is also useful for adjusting 
the COMPAQ DESKPRO 386 to handle action software 
games written for 8088-based personal computers. 
Reduction of the COMPAQ DESKPRO 386 system speed to 
simulate the system speed of an 8088-based personal 
computer allows these games to be played at a 
realistic speed. 
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The simulated CPU speed control is accomplished by 
reducing the system bus bandwidth using extended 
refresh cycles. Since the CPU is in a HOLD state 
during refresh cycles, the execution speed of 
programs is reduced as the length of the refresh 
cycles is increased. The lengthening of the refresh 
cycles, however, has been carefully implemented so as 
not to increase the DMA latency period that would be 
present during refresh cycles of normal length. A 
DMA request for access to the bus taking place during 
the extension of a refresh cycle is granted access to 
the bus immediately, since the CPU is already in the 
HOLD state. The amount of time added to the normal 
refresh cycle period is determined by the length of a 
one-shot time period output by one of the Intel 8254 
timers in the system. The programming of the speed 
control timer is described in Chapter 4. 


I/O Subsystem 


The COMPAQ DESKPRO 386 can use 16 address lines 
(A<15..0>) and the control lines (M/I0- and R/W-) to 
specify up to 64K I/O locations. 


I/0 addresses on the system board range from 00h to 
OFFh. 1/0 addresses on adapter boards range from 
100h to OFFFh. 


Address line A31 is also decoded to provide I/0 ports 
800000F8h to 800000FFh for the 80287 numeric 
coprocessor. A31 is normally 0 for 8- and 16-bit 
port I/0 associated with the expansion bus. 


The primary I/0-decoding devices are PAL devices 
that use control lines and address lines to provide 
the device select lines (by port number) for the 
system board programmable devices. Figure 2-7 is a 
simplified block diagram of I/0 address decoding for 
the system board. 


Expansion boards (for memory, disk, and video) must 
have their own I/0 decoding for the I/0-mapped 
devices on that board. The decoding is described in 
the chapter on each specific device. 
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Figure 2-7. I/0 Address Decoding Simplified Block 


Diagram 


: Real—Time Clock and 
Configuration Memory 


2.4 SYSTEM BOARD 
PROGRAMMABLE DEVICES 


The COMPAQ DESKPRO 386 BIOS (basic input/output 
system) controls the following system board 
programmable devices: 


= Direct Memory Access (DMA) Controllers 
(Intel 8237A-5) 


= DMA Memory Page Register (S74LS612) 

= Interrupt Priority Encoder (Intel 8259A) 

= Interval Timer 1 and 2 (Intel 8254-2) 

= Keyboard Controller (Intel 8042 microcomputer) 


@ Real-Time Clock and Configuration Memory Device 
(Motorola MC146818) 


= Numeric coprocessor (Intel 80287) 


These devices are all 1/0 mapped. Table 2-10 gives 
the general memory map for the COMPAQ DESKPRO 386. 
Table 2-11 summarizes the port addresses used by the 
programmable devices on the system board. Chapter 4, 
Software Aspects and BIOS, describes the COMPAQ 
DESKPRO 386 BIOS. 
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Table 2-10. System Board I/0 Ma 


Address Bits 
Port S78 e7e6e5e4 3201 0 Device 
00h. .0Fh ONO nO OR OUX, oeVaY AYiY. 8237A-5 Byte DMA Controller 
20h. .21h OOF OUORTX, eX OXEX 8259A Interrupt Controller 1 


40h 00 010X 0000 Programmable Interval Timer 1, 8254-2 System Clock (Counter 0) 

41h OL0les 02101X 001001 Programmable Interval Timer 1, 8254-2 Refresh Request (Counter 1) 

42h 00 0.1 0:X%. 0:01 0 Programmable Interval Timer 1, 8254-2 Speaker Tone (Counter 2) 

43h ONO 2ORINOEX ~ J0n0 ier: Programmable Interval Timer 1, 8254-2 Command Mode Register 

48h ODOR BOR OLXe 102020 Programmable Interval Timer 2, 8254-2 Failsafe Clock (Counter 0) 

49h OVO ONTEOEXS sO 0/1 Programmable Interval Timer 2, 8254-2 Not Used (Counter 1) 

4Ah 00. ..01°0)X .. 1.0.10, Programmable Interval Timer 2, 8254-2 Refresher Request Extend, Speed 


Control (Counter 2) 
4Bh ORO ORI ORX) Pas On Programmable Interval Timer 2, 8254-2 Command Mode Register 
60h 0.0... (0.1.1 0) .0.0.X..0 8042 Data I/0 Register 
61h O70. 0.15110, 0X x4 NMI Status (See NMI Interrupts) 
64h 090) 0 Je10 0. 0:1. x0 8042 Status/Command Register 
70h ONO8 ONT ae 02K. X10 RTC Address Register Data bits (6..0) 
70h OLOP ROTM LOR XXeO NMI Enable Register (bit 7 = 0) 
71h 020) 2021 day OexX Xe1 RTC Data 1/0 Register 
80h OnOr alh0KOsXe. 010-080 DMA Page Register Reserved 
81h 0:0 1080EX* 9000 1 DMA Page Register CH 2 Page 
82h 0.0) 1500"X 0501 0 DMA Page Register CH 3 Page 
83h OO WAOLOEXS 0s OF DMA Page Register CH 1 Page 
84h O00. 10:0 X% 0:1 10.0 DMA Page Register Reserved 


Notes: X = Don't care. The value of these bits do not affect the I/0 address decoding. 
Y = Register dependent. ee ee ee 
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Table 2-10. System Board 1/0 Map (Concluded) 


Address Bits 


Port 98 7654 3210 Device 

85h 00 100X 0101 DMA Page Register Reserved 

86h 00 100X 0110 DMA Page Register Reserved 

87h 00 100X 0111 DMA Page Register CH 0 Page 
88h 00 100X 1000 DMA Page Register Spare 

89h 00 100X 1001 DMA Page Register CH 6 Page 
8Ah 00 100X 1010 DMA Page Register CH 7 Page 
8Bh 00 100X 1011 DMA Page Register CH 5 Page 
8Ch 00 100X 1100 DMA Page Register Reserved 

8Dh 00 100X 1101 DMA Page Register Reserved 

8Eh 00 100X 1110 DMA Page Register Reserved 

8Fh 00 100X i111 DMA Page Register Refresh Page 
AOh. .Alh 00 101X XXXY 8259A Interrupt Controller 2 
COh. .CFh 00 LB2OY Y¥Y¥¥X 8237A-5 Word DMA Controller 
FOh 00 111X OXXO Clear 80287 Busy 

Flh 00 111X OXX1 Reset 80287 

F8h..FFh or 

800000F8h. .800000FFh OO JPIl ftYyYX 80287 Command Ports 

Notes: X = Don't care. The value of these bits do not affect the I/0 address decoding. 


Y = Register dependent. 
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Table 2-11. System and Controller Boards Addresses 


(hex) Function Addressed 
000 - O1F DMA Controller 1 
020 - 03F Interrupt Controller 1 
040 - 047 Interval Timer 1 
048 - O5F Interval Timer 2 
060 - O6F 8042 Keyboard Controller 
070 - O7F Real-Time Clock, NMI 
080 - 08F DMA Page Registers 


OAO - OBF Interrupt Controller 2 
0CO - ODF DMA Controller 2 


FO - OFF 80287 Numeric Coprocessor 


1FO - 1F8 Fixed Disk Controller 
200 - 207 Game Controllers 

2F8 - 27F Parallel Port 2 

2F8 - 2FE Serial Port 2 

300 - 31F Not Used 

378 - 37F Parallel Port 1 

380 - 38F Not Used 

3A0 - 3AF Not Used 


3B0 - 3BB Non-COMPAQ Monochrome Adapter 

3D0 - 3DF COMPAQ Video Display Controller Board 
3F0 = 3F7 Diskette Controller 

3F8 - 3FE Serial Port 1 


The system includes two Intel 8237 DMA controllers 
arranged identically to those in 80286-based systems. 
These controllers handle and prioritize DMA requests 
from I/0 peripherals on the expansion bus. A 
complete set of page registers is also provided for 
handling the high order of the DMA address. 


DMA Operations 


Direct memory access (DMA) is a method of directly 
accessing memory without involving the CPU. DMA is 
normally used to transfer blocks of data to or from 
an I/0 device. DMA reduces the amount of CPU 
interactions with memory, freeing the CPU for other 
processing tasks. 


Two types of DMA operations are supported: byte and 
word operations. DMA channels and their functions 
are given in Table 2-12. All four channels 
(designated 0, 1, 2, and 3) of Controller 1 are 
dedicated to performing byte operations. Of the four 
channels (designated 4, 5, 6, and 7) of Controller 2, 
channels 5, 6,and 7 are dedicated for word 
operations. Thus, all HOLD requests for Controller 1 
are processed via channel 4 of Controller 2. This 
causes all channels in Controller 1 (channels 0, 1, 
2, and 3) to operate at a higher priority than those 
in Controller 2 (channels 5, 6, 7). Channel 4 of 
Controller 2 is not available for normal DMA. 


Table 2-12. DMA Channels Assigned to the Controllers 


Channel Function 


Controller 1--Byte Transfers: 
0 Spare 
i! Spare 
2 Diskette Data Transfers 
3 Spare 
Controller 2--Word Transfers: 
4 Cascade for Controller 1 


5 Spare 
6 Spare 
7 Spare 


DMA Controller 


The system board uses two Intel 8237 DMA controllers, 
with four bidirectional data channels each. The DMA 
controllers operate at 3 MHz (DCLK). 
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The DMA controllers hold (or define) only 16 bits of 
the 24-bit address. The other 8 address bits are 
contained in the DMA Memory Page Register (74LS612). 
See the "DMA Memory Page Register” section for more 
information. 


DMA Controller 1 is used for byte (8-bit) data 
transfers, as shown in Figure 2-8. DMA Controller 2 
is used for word (16-bit) data transfers. Unlike the 
CPU, DMA Controller 2 can transfer words only on an 
even boundary. 


Together the DMA controller and page register define 
a 24-bit address that allows data transfers within 
the 16-MB address space of the COMPAQ DESKPRO 386. 


ee ee ee es | ee ee | eee eee ee ee 
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A1l6 from the DMA Memory Page Register is disabled 
when DMA Controller 2 is selected. A0O is not 
connected to DMA Controller 2. AQ is always 0 when 
word-length transfers are selected. Not connecting 
AO means: 1) that the size of the block of data that 
can be moved or addressed is measured in 16-bit 

Ze Git Addrees 5 Contcllec\; 7b viegiioniaters words, rather than 8-bit bytes and 2) the words must 

always be on an even boundary. 


Page Register DMA Controller 
8 Bits 16 Bits 


DMA Controller 1 can move as much as 64 KB of data 
A23<———> A16 ——- 
= a ne per DMA transfer. DMA Controller 2 can move as much 


as 64 K words, or 128 KB of data per DMA transfer. 


23-Blt Address — Controller 2 — Word Transfers 


DMA Memory Page Register 


Page Register DMA Controller 
7 Bits 16 Bits 
The DMA memory page register contains the eight most- 


significant bits of the 24-bit address. It works in 
conjunction with the DMA controllers to define the 
complete (24-bit) address for the DMA channels. 
Table 2-13 gives the port address assigned to each 
page register. See the section on the DMA 
controllers for more information. 


A23<——> A117 A16 <——————_ A1 


Figure 2-8. Memory Address Derived from Page 
Register and DMA Register Contents 
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Table 2-13. Port Address for DMA Channels 
DMA Page Register 

Channel 1/0 Port Address 

0 087h 


1 083h 

2 081h = 
3 082h 

4 None 

5 08Bh 

6 089h 

7 08Ah 

Refresh O8Fh (See Note) 

Note: The DMA memory page register for the refresh 


channel must be programmed with 00h for proper 
system operation. 


The DMA controllers are complex devices with several 
registers for commands and status. Table 2-14 shows 
the I/0-map and the commands and formats of the 
registers. 


Note: See "Reset Pointer Flip-Flop” for an 
explanation of 16-bit data transfers to the 
DMA controllers. 
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Table 2-14. DMA Controller Registers ee 


Port Address 


Register Function Bits Controller 1 Controller 2 Read/Write 
Status 8 08h DOh Read 
Command 8 08h DOh Write 
Mode 6 OBh D6h Write 
Write Single Mask Bit 4 OAh D4h Write 
Write All Mask Bits 4 OFh DEh Write 
Software DRQx Request 4 09h D2h Write 
Base and Current Address - CH 0 16 00h COh Write 
Current Address - CH 0 16 00h COh Read 
Base and Current Word Count - CH 0 16 Olh C2h Write 
Current Word Count - CH 0 16 01h C2h Read 
Base and Current Address - CH 1 16 02h C4h Write 
Current Address - CH 1 16 02h C4h Read 
Base and Current Word Count - CH 1 16 03h C6h Write 
Current Word Count - CH 1 16 03h C6h Read 
Base and Current Address - CH 2 16 04h C8h Write 
Current Address - CH 2 16 04h C8h Read 
Base and Current Word Count - CH 2 16 05h CAh Write 
Current Word Count - CH 2 16 05h CAh Read 
Base and Current Address - CH 3 16 06h CCh Write 
Current Address - CH 3 16 06h CCh Read 
Base and Current Word Count - CH 3 16 07h CEh Write 
Current Word Count - CH 2 16 07h CEh Read 
; (Continued) 


om 
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Table 2-14. DMA Controller Registers (Concluded) 


Port Address 


Register Function Bits Controller 1 Controller 2 Read/Write 
Current Word Count - CH 3 16 07h CEh Read 
Temporary 16 0Dh DAh Read 
Reset Pointer Flip-flop (Note) 0Ch D8h Write 
Master Reset (Note) ODh DAh Write 
Reset Mask Register (Note) OEh DCh Write 


Note: This is not a register, but a direct command to the DMA Controller. 


ooo SSS 
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Transferring Data from Memory to Memory 


The hardware does not support memory-to-memory block 
transfers. 


Transferring Data from I/O Devices 
to Memory 


DMA controllers and I/0 devices use the DRQx and DAKx 
signals as “handshaking”. When an I/O device has a 
byte or word of data to send, the I/0 device makes 
its DRQx line active. When the DAKx line from the 
DMA controller goes active, the device puts its data 
on the data bus. 


STATUS 


The Status register bits are set (= 1) to indicate 
that a channel has requested DMA access or that a DMA 
process is completed. 


B 
654 
fies l= CH 0 DMA process completed 
1= CH 1 DMA process completed 
l= CH 2 DMA process completed 
l= CH 3 DMA process completed 
l= CH 0 DMA requested 
1= CH 1 DMA requested 
l= CH 2 DMA requested 
1= CH 3 DMA requested 


COMMAND 


The Command register bits control the DMA operation. 


All bits are reset (=0) by the master clear 


instruction or a system reset. 


programmed to 00 for proper system operation. 


BIT 
76543210 


|: 


& 


Memory-to-memory disabled 
Memory-to-memory enabled 


CH 0 address hold disabled 


CH 0 address hold enabled 


Controller enabled 
Controller disabled 


Normal timing 
Compress timing 
If bit 0=1 


Fixed priority 
Rotating priority 


Late write selection 
Extended write selection 
If bit 3 =1 


DRQx sense active high 
DRQx sense active low 


DAKx sense active low 
DAKx sense active high 


This register must be 
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MODE 


Each channel has a 6-bit register associated with it. 
The first 2 bits of the byte written to this register 
specify which channel is being selected. These 
registers specify the operating mode for each 
channel . 


BIT 
76543210 

LI 90 = Select CH 0 
01 = Select CH 1 
10 = Select CH 2 
11 = Select CH 3 
00 = Verify transfer 
01 = Write transfer 
10 = Read transfer 
11 = Illegal 
XX = If bits <7..6> = 11 
0 = Autoinitialization disabled 
1 = Autoinitialization enabled 
0 = Address increment selected 
1 = Address decrement selected 
00 = DEMAND mode selected 
01 = SINGLE mode selected 
10 = BLOCK mode selected 
11 = CASCADE mode selected 


ee ee ee — 
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If the BLOCK or DEMAND mode is selected for a 
channel, the total transfer time must not exceed 
15 us or RAM will not be properly refreshed. 


WRITE SINGLE MASK BIT 


This command sets (=1) or resets (=0) a single mask 
bit. When a mask bit is set, that channel's DRQx is 
disabled. The WRITE ALL MASK BITS command can set or 
reset all the mask bits. 


BIT 
76543210 

L1— 90 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
0 = Reset mask bit 
1 = Set mask bit 


00000 (not used) 


WRITE ALL MASK BITS 


This command sets (=1) or resets (=0) all the mask 
bits. When a bit is set, that channel's DRQx is 
disabled. The WRITE SINGLE MASK BIT command can set 
or reset a single mask bit. 


BIT 
76543210 

L_ 9 = Reset CH 0 mask bit 
1 = Set CH 0 mask bit 
0 = Reset CH 1 mask bit 
1 = Set CH 1 mask bit 
0 = Reset CH 2 mask bit 
1 = Set CH 2 mask bit 
0 = Reset CH 3 mask bit 
1 = Set CH 3 mask bit 


0000 (not used) 


SOFTWARE DRQx REQUEST 


The DMA controller can respond to software requests 
for DMA as well as hardware requests from DRQx lines. 
The channel must be in the BLOCK mode, and the 
appropriate registers (base addr 


esses and so forth) must be set before initiating 
this request. 


BIT 
76543210 

LL 99 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
0 = Reset request bit 
1 = Set request bit 


00000 (not used) 
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BASE AND CURRENT ADDRESS - CHANNELS 0-3 


These 16-bit registers specify the starting 
destination address for the memory transfer. This is 
a write-only register. The two bytes are loaded into 
these registers as a two-part operation. The first 
write to this register loads the eight least- 
significant bits (lower byte). The second 
consecutive write loads the eight most-significant 
bits (upper byte). See the RESET POINTER FLIP-FLOP 
command. 


BASE AND CURRENT WORD COUNT - CHANNELS 0-3 


These 16-bit registers specify the number of words to 
be transferred. The number of word transfers that 
can occur is one more than the specified number. 

This is a write-only register. The 16-bit contents 
are loaded into these registers as a two-part 
operation. 


The first write to this register loads the eight 
least-significant bits. The second consecutive write 
loads the eight most-significant bits. See the RESET 
POINTER FLIP-FLOP command. 


EE 
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CURRENT ADDRESS (READ) CHANNELS 0-3 


These 16-bit registers specify either the current 
address or the destination address for the next data 
transfer. This address is the same as the base 
address plus address increments or decrements made 
after each data transfer. These are read-only 
registers. The 16-bit contents are read from these 
registers as a two-part operation. The first read 
from this register returns the eight least- 
significant bits. The second consecutive read 
returns the eight most-significant bits. See the 
RESET POINTER FLIP-FLOP command. 


CURRENT WORD COUNT - CHANNELS 0-3 


This register indicates the number of words remaining 
to be transferred. These are read-only registers. 
The 16-bit contents are read from these registers as 
a two-part operation. The first read from this 
register returns the eight least-significant bits. 
The second consecutive read returns the eight most- 
significant bits. See the RESET POINTER FLIP-FLOP 
command. 


TEMPORARY 


This register is not used in this hardware 
configuration. 


RESET POINTER FLIP-FLOP 


This is a direct command to the DMA controller to 
reset the pointer flip-flop that keeps track of 
16-bit data transfers. This command is given to 
reset the pointer to a known state so that the DMA 
controller wil] load the high- and low-order bytes in 
the proper sequence. Use this command before writing 
a 16-bit base address or other 16-bit command or data 
to the DMA controller. 


MASTER RESET 


This is a direct command to the DMA controller to 
reset the DMA controller. It has the same effect as 
a hardware reset; the command, status, request, 
temporary, and pointer flip-flop registers are reset 
(=0), and the mask register bits are set (=1). 


RESET MASK 


This is a direct command to the DMA controller to 
reset the mask register, enabling all four channels 
to receive DRQs (data requests). 


Refresh Operations 


The normal (non-extended) RAM refresh is designed to 
perform a memory read cycle on each of the 256 
addresses in the memory space addressed by SAO to 
SA7. Refresh operations are used to refresh memory 
on the 32-bit memory bus and the 8-/16-bit expansion 
bus. In order to simplify the design of 8-/16-bit 
memory expansion boards, SA8 and SA9 are driven to 
the signal states of SAO and SAl, respectively. SA10 
and SAl1 have two additional counter bits allocated 
for future RAM refresh requirements. The remaining 
addresses are in an undefined state during the 
refresh cycle. The refresh operations are driven by 
a 69.799-kHz clock rate generated by programmable 
timer counter 1 of 8254 number 1. The refresh rate 
is 128 refresh cycles in 2.038 ms. 
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Interrupt Controllers 


The 80386 processor has two signals for interrupts, 
labelled NMI (nonmaskable interrupt) and INTR 
(maskable interrupts). A maskable interrupt is an 
interrupt that can be enabled or disabled by the 
processor. A nonmaskable interrupt cannot be masked 
off within the processor, but can be masked under 
software control by external hardware on the system 
board. 
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Nonmaskable Interrupts (NMI) 
If bit 6 is set, the interrupt comes from the 


NMI interrupts are caused by: hardware IOCHK- line. To reset the hardware IOCHK- 


latch, pulse bit 3 of port 61h high. 
= Parity errors on the system board, memory boards, 


or any expansion boards which pull the IOCHK- line If bit 7 is acne the interrupt comes from the fail- 
Tow safe timer (interval timer 2). To reset the fail- 
= Timeout of the fail-safe timer on interval timer 2 safe timer interrupt latch bit, pulse bit 2 of port 
which pulls the HITIM- line low 61h high. 
= System software generating a software interrupt to The following bit map shows the bit values for port 
the NMI routine (BIOS call) such as redirection of 61h. 


the 80287 exception interrupt. 


When an NMI interrupt is caused by hardware, port 61h 
indicates the source of the interrupt. Bits set to 1 
in port 61h show which device requested an NMI 
interrupt. After the NMI interrupt routine processes 
the interrupt, the NMI status bits (6 and 7) are 
reset. 


PORT 61h 


BIT 
76543210 


r 


Gate signal for interval timer 1, 
counter 2 (speaker) 

0 = Counter 2 disabled 

1 = Counter 2 enabled 

Read and write 


Speaker data 
Read and write 


0 
1 


Fail-safe NMI enabled 
Fail-safe NMI disabled and 
cleared 

Read and write 


0 = IOCHK- NMI enabled 
1 = IOCHK- NMI disabled and cleared 
Read and write 


uo 


0 = RAM refresh occurring now 
1 = RAM not in refresh cycle 
Read only 


State of interval timer 1, counter 2 
output signal (speaker). Read only. 


0 = No NMI interrupt from IOCHK- 

1 = IOCHK- is low (active), NMI 
interrupt requested 

Read only 

0 = No NMI interrupt from fail-safe 
timer (HITIM- signal) 

1 = HITIM- is low (active), NMI 


interrupt requested 
Read only 


System Board 


The mask register for the NMI interrupt is at I/0- 
address 70h shown below. The most-significant bit 
enables or disables the IOCHK- and fail-safe timer 
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interrupts. Write an 80h to port 70h to mask the NMI 
signal. This port is shared with the real-time clock 


and configuration memory device (the lower 6 bits) 


Do not modify the contents of this register without 


considering the effects on the state of the other 
bits. 


Port 70h 


BIT 
76543210 
Real-time clock 


NMI enabled 
NMI disabled 


Interrupts (INTR) 


All hardware interrupts to the CPU are channeled 

through the interrupt controllers (Intel 8259A). 

These devices generate interrupts on the 80386's 

interrupt line (INTR), which can be masked in the 
80386 with the CLI instruction. 
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The interrupt controllers are 8-input devices that 
can accept interrupt signals from several devices, 
then prioritize them and interrupt the processor. 
The processor then automatically reads the interrupt 
controller to determine the source of the highest- 
priority interrupt and calls the appropriate 
interrupt routine. 


Two interrupt controllers (a master and a slave) are 
used so that 16 levels of interrupt are possible. 
The slave (interrupt controller 2) interrupts the 
master (interrupt controller 1) to cause an 
interrupt. Interrupt controller 1 can be programmed 
in the fully nested mode, so that interrupt 
controller 2 sends the correct interrupt vector to 
the CPU for the source of the interrupt. Figure 2-9 
shows a diagram of the interrupt controller circuit. 


The base I/0 address for Interrupt Controller 1 is 
20h; for Interrupt Controller 2, AOh. Table 2-14 
lists the initial interrupt controller values set up 
at power-on by the BIOS. 


Table 2-15. Initial Interrupt Controller Values 
Port Value Description of Contents 


20h 11h CntIr 1, ICW1 
21h 08h Cntlr 1, ICW2 vector address for 000020h 
21h 04h Cntlr 1, ICW3 indicates slave connection 
21h. 01h CntIr 1, ICW4 8086 mode 
AOh 11h Cntiine2s TGwt 
Alh 70h Cntlr 2, ICW2 vector address for 0001COh 
Cr 
2, 
L 


Alh 02h Cntir ICW3 indicates slave ID 

Alh_ Olh CntIr ICW4 8086 mode 

21h B8h Cntlr Interrupt mask (may vary 
with option) 

Alh  8Dh CntIr 2, Interrupt mask (may vary 


with option) 


System Board 
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Table 2-16 lists the 16 possible sources for an 
interrupt and their priorities. The highest-priority 
interrupt is processed first. 


Table 2-16. Interrupts and Their Priorities 


Prior- Con- 


ity Label troller Typical Interrupt Source 
1 


NMI (Note) Parity error detected 


Z IRQO 1 Interval timer 1, counter 0 
output 
3 IRQl 1 Keyboard 
IRQ2. 1 Interrupt from controller 2 
4 IRQ8B 2 Real-time clock 
5 IRQS 2 Expansion bus pin B04 
6 IRQI1O 2 Expansion bus pin D03 
7 IRQl1 2 Expansion bus pin D04 
8 IRQ12 2 Expansion bus pin D05 
9 IRQ13 2 80287 Coprocessor error 
10 IRQI4 2 Fixed disk drive controller 


--expansion bus pin D07 
11 IRQI5 2 Expansion bus pin D06 


12 IRQ3. 1 Serial port 2--pin B25 

13 IRQ4 1 Serial port 1--pin B24 

14 IRQ5 1 Parallel port 2--pin B23 

15 IRQ6 1 Diskette drive controller (B22) 


16 IRQ7 1 Parallel port 1--pin B21 
Note: The NMI signal is controlled through I/0 port 
70h, bit 7. NMI also handles the fail-safe 


timer. 
Peer 21S) i a eo re ee eee eS 
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Interrupt 
Controller 1 
(Master) 


Tick Counter IRQO 


SYSTEM BUS Keyboard IRQ1 
62—Pin Connector 


Secondary Comm IRQ3 


Primary Comm IRQ4 To 80386 INTR 


Secondary Printer IRQS i 
Diskette IRQ6 


Primary Printer IRQ7 


Not Used IRQ9 34 Cascade 
0 

SYSTEM BUS RTC, IRQ8 

36—Pin Connector 1 

Not Used IRQ10 a 

Not Used IRQN 3 Interrupt 
4 Controller 2 

Not Used IRQ12 —= (Slave) 

80287 Error IRQ1I3 2 
Fixed Disk IRQ14| S 
Not Used IRQIS Z 


Figure 2-9. Interrupt Controller Functional Diagram 


8259 Programming Examples 


The following example illustrates an end-of-interrupt 
(EOI) sequence: 


mov al, 20h ; Get EOI value 
out 20h, al ; Send EOI command to 
; 8259A OCW3 


The following example masks IRQ2. IRQ2 is masked by 
setting bit 2 to 1 in the 8259A OCW1. 


eli ; Mask all interrupts 

in al,2lh ; Get current mask from OCW1 
or al,00000100b ; Bit 2 is IRQ2 

jmp $ +2 ; Allow time between 

jmp $ +2 ; Outputs to 8259A 

out 21h, al ; Output mask value to OCW1 
sti ; Reenable all interrupts 


Fail-Safe Timer 


The fail-safe timer output signal can be 
independently enabled or disabled via the 1/0 port 
61h bit 2. This function is not currently used in 
the COMPAQ DESKPRO 386 and is intended for future 
operating systems use. 


Interval Timers 


The purpose of a programmable interval timer is to 
generate pulses at software-controllable intervals. 
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The system board has two 8254-2 interval timers. 
Each 8254 provides three frequencies, or counters, 
for the system. The three counters count down a 16- 
bit value at a rate of 1.193 million counts-per- 
second and give an output pulse on the OUT pins. 


Interval timer 1, counter 0, is connected to the 
8259A interrupt controller 1 IRQO, and provides a 
system timer interrupt for a time-of-day, diskette 
timeout, or other system timing functions. Counter 1 
generates a refresh-request signal. Counter 2 
generates the tone for the speaker. 


Interval timer 2, counter 0, is the "fail-safe timer” 
that can generate interrupts on the NMI line at 
regular intervals. This interrupt can be used by 
operating systems to prevent the system from locking 
up. The interval timer 2, counter 0 output is 
enabled or disabled by DIP switch 1 on the system 
board. 


Interval timer 2, counter 1, is not used. 


eee es 
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Interval timer 2, counter 2, is used to extend the 
refresh-request period. Counter 2 is placed in the 
one-shot mode, and is triggered by the refresh- 
request signal. If the SLOWD- signal from the 8042 
keyboard controller is active, then the counter 2 
output will extend the CPU hold time for refresh by 
the programmed period of the one-shot. The one-shot 
timeout period has 250-ns increments, with a range of 
02h to 35h. To enable the one-shot, select Mode 1 
(one-shot) operation by writing OUT 4Bh, 92h. To 
specify a time-period, write OUT 4Ah, xxh, where xxh 
is a value between 02h and 35h. 


Since the interval timer 2, counter 2, function is 
dependent upon the refresh-request signal from 
another interval timer counter, changing the refresh- 
request frequency will affect the period of the 
counter 2 output signal. 


Timer 2 counter 2 is configured for the one-shot mode 
and is not enabled (that is, a counter value is not 
programmed) until a speed reduction in the system is 
required. At such time the value programmed depends 
on the system speed desired. 


Table 2-17 lists the interval timer functions. 


Table 2-17. Interval Timer Functions 
Interval Timer 1 Interval Timer 2 


Counter 0 Counter 0 
Function System Timer Fail-safe Timer 
Gate Always on Always on 
Clock In 1.193 MHz 1.193 MHz 
Clock Out 8259A IRQO NMI Interrupt 
(HITIM- signal) 
Counter 1 Counter 1 
Function Refresh Request Reserved 
Gate Always on Not used 
Clock In 1.193 MHz 1.193 MHz 
Clock Out Request refresh Not used 
(REFCK) 
Counter 2 Counter 2 
Function Speaker Tone Speed Control 
Gate Programmable 8042 
(Port 61h) SLOWD- signal 
Clock In 1.193 MHz 4 MHz (DCLK) 
Clock Out Speaker input HOLD delay 
(SLOWQ-) 


Table 2-18 gives the COMPAQ DESKPRO 386 system speed 
values that correspond to the equivalent speeds of an 
8088-based personal computer and the 6-MHz and the 8- 
MHz 80286-based products. These values can be 
entered with the COMPAQ MS-DOS MODE command (MODE 
SPEED=XX) 
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or can be used with the "Set System Speed" BIOS 
function (CX=XX) to simulate the computing speed 
(that is, the processor/memory system speed) of other 
personal computer products. The COMPAQ MS-DOS MODE 
command is on the USER PROGRAMS diskette. The range 
of speed values is from 1 to 50, where 50 
approximates the full COMPAQ DESKPRO 386 speed. Note 
that the 6- and 8-MHz 80286-based product equivalent 
speed values are listed for relative reference to 
other speed values. The commands MODE SPEED=COMMON 
and MODE SPEED=FAST select the 6- and 8-MHz 80286- 
based products’ equivalent speeds, respectively. 


Table 2-18. Simulated System Speed Values 


Decimal Hex 


Simulated Speed Value Value 


8088-based personal computer 3 3 
6-MHz 80286-based products 16 10 
8-MHz 80286-based products 18 12 


Note that the values in decimal are suitable for 
using directly with the MODE command. To use the 
"Set System Speed" BIOS function, the speed values 
should be placed in the CX register in their 
hexadecimal equivalent. 


Please refer to Chapter 4, Software Aspects and BIOS, 
for more information. 


Interval Timer Architecture 


The interval timer contains three identical counters. 
Figure 2-10 shows the architecture of the interval 
timer. 


Internal Bus 


Figure 2-10. Counter Architecture 


2-60 Technical Reference Guide 


eM Tf  sssssssosssS53090.0.0- 


CRm and CRI contain the most- and least-significant 
bytes of the 16-bit initial count value. These 
registers are cleared when they are both transferred 
into CE. 


CE is the actual "Counting Element” latch that 
contains the value being counted down. 


OLm and OL1 contain the most- and least-significant 
bytes of the CE value, unless a latch command is 
given. In this case, the OLm and OL] registers hold 
the count until read. 


Programming the Interval Timer 


The interval timer is an I/O-mapped device. Table 
2-19 lists the ports used. Several commands are 
available: 


= Control Word specifies: 
- which counter to read or write 
- the operating mode 
- the count format (binary or BCD) 


= Counter-Latch latches the current count so that it 
can be read by the system. The count down process 
continues. 


= Read-Back reads the count value, programmed mode, 
the current state of the OUT pins, and the state 
of the Null Count Flag of the selected counter. 


Table 2-19. Interval Timer Port Assignments 

Port Timer Function 

40h 1 Read or write count for counter 0 
(system clock) 

41h 1 Read or write count for counter 1 


(refresh request) 


42h 1 Read or write count for counter 2 


ns SPARS I LOG is 


43h 1 Input for Control Word, Counter- 
Latch, or Read-Back commands 
(command mode register) 

48h 2 Read or write count for counter 0 
(fail-safe timer) 

49h 2 Read or write count for counter 1 
(not used) 

4Ah 2 Read or write count for counter 2 


(speed control) 


4Bh 2 Input for Control Word, Counter- 
Latch, or Read-Back commands 
(command mode register) 


Interval Timer Operating Modes and Initial 
Values 


Table 2-20 lists the six operating modes for the 
interval counters. 


Table 2-20. Interval Timer Operating Modes 
Mode Function 

0 Out_signal on end-of-count (= 0) 

1 Hardware retriggerable one-shot 

2 Rate generator (divide-by-n counter) 
3 Square-wave output 

4 Software-triggered strobe 

5 Hardware-triggered strobe 
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Table 2-21 lists initial values for the interval 
timer counters set up at power-on by the BIOS. 


Table 2-21. Interval Timer Initial Values 
Control 


Counter Mode Word Count _ Frequency 


Interval Timer 1: 


0 3 36h 65536 18.207 Hz 

1, 2 54h 19 62.799 kHz 
(See Note 1) 

2 3 B6h 1336 893.10 Hz 


Interval Timer 2 (See Note 2): 


0 x x x x Hz 
1 x x % x Hz 
2 1 92h 02-35h 4 MHz 


Notes: 1. Only the least-significant byte of the 
divisor is loaded. 

2. Timer 2 is not programmed at power-on. 
Programming the interval timer is a simple process: 
1. Write a control word. 

2. Write an initial count for each counter. 


3. Load the least- and most-significant bytes of the 
16-bit counter in two steps (writes). 
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Interval Timer Control Word Format Interval Timer Counter-Latch Command 


The Counter-Latch command latches the count at the 
time the command is received. The count is held in 
the OL registers until read. 


The Control Word specifies the counter, the operating 
mode, the order and size of the COUNT value, and 
whether it counts down in a 16-bit or binary-coded 


i BIT 
decimal (BCD) format. 76543210 
BIT LL1I— 9990 (Not used) 
76543210 
Lg = Binary Countdown 00 = Designates this byte as 
1 = BCD Countdown a Counter-Latch command 
000 = Mode 0 00 = Latch Counter 0 
001 = Mode 1 01 = Latch Counter 1 
010 = Mode 2 10 = Latch Counter 2 
011 = Mode 3 11 = Select Read-Back command 
100 = Mode 4 (See Read-Back command) 
101 = Mode 5 
00 = Counter-Latch command 
01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least-, then most-significant byte 
00 = Select counter 0 
01 = Select counter 1 
10 = Select counter 2 
11 = Read-Back command 
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Interval Timer Read-Back Command The status byte latched into OL has the format: 
BIT 

The Read-Back command causes the count or status of 76543210 

the counters to be latched in the OL registers until L_ 9 = BINARY count down format 

read. A single Read-Back can latch the count or 1 = BCD count down format 


status of all three counters. 


000 = Mode 0 

BIT 001 = Mode 1 
76543210 010 = Mode 2 
011 = 3 

= 4 

: = 5 


| Lg (Reserved) Mode 
100 = Mode 
1 = Select Counter 0 101 = Mode 
1 = Select Counter 1 00 = Counter-Latch command 
( 01 = R/W least-significant byte 
1 = Select Counter 2 10 = R/W most-significant byte 
11 = R/W least, then most-significant byte 
0 = Latch Status of selected counters 
Returned Status: 
0 = Latch Count of selected counters 0 = CR contents not moved into CE 
1 = CR contents are moved into CE 


11 = Specifies this command 
OUT Pin is 0 (low) 
OUT Pin is 1 (high) 


ou 


0 
1 


a 
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80287 Numeric Coprocessor 


The 80287 Numeric Coprocessor is a high-performance 
numeric processor extension that adds floating-point, 
extended integer, and BCD data-type support to the 
80386. The 8-MHz 80287 provides a significant 
performance improvement for floating-point-intensive 
applications, such as engineering, CAD/CAM, 
spreadsheet, or scientific applications. 


The 80287 automatically executes all numeric 
instructions as they are encountered. The 80287 
responds to particular I/0 addresses (800000F8h to 
800000FFh) automatically generated by the 80386. 


The 80287's ERROR- signal is connected to IRQ13 

(INT 75h). INT 75h performs an EOI function to the 
8259A interrupt controller and resets the 80287 error 
condition by writing a 0 to the port at FOh. An INT 
02h (NMI) is then performed for compatibility with 
8087 exception handlers. This method is used to 
provide compatibility with 8088-/8086- coprocessor 
exceptions. 


An output to port FOh will clear the numeric 
coprocessor BUSY- signal. An output to port Flh will 
reset the 80287. This is the only way to return the 
80287 to Real mode operation after the execution of a 
FSETPM instruction. 


A socket is provided on the system board for the 
80287. System board DIP switch 2 indicates whether 
an 80287 is installed. System board DIP switch 3 
selects an operating speed for the numeric 
coprocessor of 8 MHz for the 80287-8 or 4 MHz for the 
80287-3. See the section entitled "Switches" in this 
chapter. 


If, during power-on initialization, the 80287- 
installed switch (DIP switch 2) disagrees with the 
physical installation, the following message appears: 


702 - Coprocessor Detection Error, Please Check 
Installation 


System ROMs 


The COMPAQ DESKPRO 386 system board contains two 16- 
KB ROMs, one for odd addresses and one for even. The 
ROMs are addressed via the 16-bit bus at address 
F00000h. An image of the ROMs is doubly mapped at 
F80000h. See the section entitled "ROM Mapping” in 
Chapter 3 for more information regarding dual mapping 
of the ROM and RAM. 
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Real-Time Clock and Configuration A value can be written to or read from all 64 


Memory registers except: 
= Status registers C and D, which are read only 
The COMPAQ DESKPRO 386 system board uses the Motorola 


MC146818 device as its real-time clock (RTC) and = Bit 7 of status register A, which is read only 


configuration memory. This device has a total of 64 = The high-order bit of the seconds byte, which is 
bytes of memory. The first 14 memory locations are read only 

used for the RTC. The remaining 50 memory locations 

are used for the system configuration. Figure 2-11 shows the address map for the MC146818 


real-time clock. 


a 
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50 Bytes for 
Configuration 
Memory 


14 Bytes for | 00h 
Real—Time 3 
Clock . Minutes 
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Seconds 
Seconds Alarm 


Minutes Alarm 
Hours 

Hours Alarm 
Day of Week 
Date of Month 
Month 

Year 

Register A 
Register B 
Register C 
Register D 


Figure 2-11. MC146818 Memory Map 


To prevent a loss of time or system configuration, 
the MC146818 uses power obtained from a battery 
mounted inside the computer. The battery maintains 
the time and system configuration during power loss 
for as long as three years. The system does NOT 
charge the battery. 


NOTE: 


If the battery is disconnected or fails 
for any reason, the time and system 


configuration must be reprogrammed into the 


MC146818. 


To reset the time or system configuration, run the 
COMPAQ SETUP Utility. To reset the time, use either 
the SETCLOCK (DOS) command or the appropriate INT 1Ah 
(BIOS) command. 


The MC146818 is an 1/0-mapped device. Use the 80386 
OUT and IN instructions to write or read to the 
memory in this device. Note that the port 70h is 
shared between the NMI mask register and the 
configuration memory address register. To leave the 
NMI mask enabled, make sure that bit 7 of the RTC 
address is set to 0. 


To write a value into configuration memory: 


1. Use OUT 70h, AL to specify the memory location to 
change. 70h is the port number; AL is the memory 
location. 


2. Use OUT 71h, AL to specify the data for the memory 
location. 71h is the port number; AL is the data. 


Do not use word output instructions such as OUT 70h, 
AX to simultaneously load the memory location and 
data. Word outputs cause back-to-back bus cycles 
that do not allow the MC146818 sufficient recovery 
time. 


To read the contents of a memory location: 


1. Use OUT 70h, AL to specify the memory location to 
read. 70h is the port number; AL is the memory 
location. 
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2. Use IN AL, 71h to read the data stored in that 
location. The returned data is placed in the AL 
register of the 80386. 


Table 2-22 summarizes the types of information stored 
in the MC146818's memory locations. 


Table 2-22. MC146818 Real-Time Clock Memory 


Locations 
Register Function 
00h Seconds 
Olh Seconds alarm 
02h Minutes 
03h Minutes alarm 
04h Hour 
05h Hour alarm 
06h Day of week 
07h Date of month 
08h Month 
09h Year 
OAh Status register A 
OBh Status register B 
OCh Status register C 
ODh Status register D 
OEh Diagnostic byte 


(Continued) 


Table 2-22. MC146818 Real-Time Clock Memory 
Locations (Concluded) 

Register Function 

OFh Reset code byte 


10h Diskette drive type 
11h Reserved 


12h Fixed disk drive type 

13h Reserved 

14h Equipment installed 

15h,16h Base memory size 
17h,18h Extended memory installed 

19h Drive C type if extended drive type 


1Ah Drive D type if extended drive type 
1Bh-2Ch Reserved 


2Dh Additional flags 
2Eh,2Fh Checksum value 


30h,31h Memory more than 1 MB 


32h Century, part of time and 
date function 
33h System information 


34h-3Fh Reserved 
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STATUS REGISTER BYTE OAh 


BIT 
76543210 


These bits specify the divider 
frequency for the clock. 
default value is 0110 (1.024 kHz) 


These bits specify the time base 


frequency. The default value is 


010 


0 
1 


(32.768 kHz) 


OK to read device 
Time update in progress 


BIT 
76543210 


r 


The 


ro fF 


Oo 
i} 


FO fF 


ro 


ro 


STATUS REGISTER BYTE OBh 


No Daylight Savings Time 
(default) 
Daylight Savings Time Selected 


12-hour Mode 
24-hour Mode (default) 


Time and Date in BCD Format 
(default) 
Time and Date in Binary Format 


Output Disabled (default) 
Enables Frequency Output Selected 
by Status Register A 


Disable End-of-update Interrupt 
(default) 
Enable End-of-update Interrupt 


Disable Alarm Interrupt (default) 
Enable Alarm Interrupt 


Interrupt Disabled (default) 
Enable Interrupt at frequency 
specified by Status Register A 


Normal Operation 
Disable Time Updating so that 
time can be set 


ee ee 
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STATUS REGISTER BYTE OCh--READ-ONLY 


BIT 
76543210 
Eo el 


; 


0000 (Not used) 


1 
1 
1 
if 


End-of-update Interrupt Flag 
Alarm Interrupt Flag 
Periodic Interrupt Flag 


Interrupt Output Signal Active 


STATUS REGISTER BYTE ODh--READ-ONLY 


BIT 
76543210 


NOTE: 


000000 (Not used) 


1 
0 


Real-time Clock has not lost power 
Real-time Clock has lost power 


Reading the status register automatically 


resets bit 7. 


CONFIGURATION BYTE OEh--DIAGNOSTIC STATUS BYTE 


BIT 
76543210 


-_ 


00 (Not used) 


1 
1 


= Time is not valid 


Fixed Disk Drive Controller Error 


The amount of memory detected 
during the system initialization 
is not the same as the amount 
specified in the configuration 
memory 


System initialization equipment 
check does not match the 
equipment specified in the 
configuration memory 

Checksum bad--ROM error 


Real-time clock has lost power 


ee ________ 
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CONFIGURATION BYTE OFh--RESET CODE BYTE 


The reset code tells the system what to do after the 
CPU is reset. The reset code identifies the type of, 
or reason for, reset. The reset code also provides a 
method of resetting the system without losing 
previously stored data or to return the system to the 
Real mode from the Protected mode. Although the 
reset logic to return the processor to Real mode 
exists in COMPAQ DESKPRO 386, it is there only for 
compatibility with 80286-based products. The 80386 
itself provides an alternate method (resetting the PE 
bit) that is much more efficient. 


BIT 
76543210 

00h = Normal power-on reset 

04h = Proceed to load DOS from disk 

05h = Jump to reset vector 0040:0067 
after initializing both 8259 
interrupt controllers. 

09h = Block Move return 

OAh = Jump to reset vector 0040:0067 


without initializing the 8259 
interrupt controllers. 


CONFIGURATION BYTE 10h--DISKETTE DRIVE TYPE 


BIT 
76543210 


Secondary (drive 2) Diskette Drive Type: 


0000 = No diskette drive 
0001 = 360-KB Diskette Drive 
0010 = 1.2-MB Diskette Drive 
0011 = Reserved 

1111 = Reserved 


Primary (drive 1) Diskette Drive Type 
(same values as above) 


CONFIGURATION BYTE 12h--FIXED DISK DRIVE TYPE 


Bits Function 
7..4 Value defines first fixed disk drive type: 
Value Type 
0000 None 
0001..1110 1..14 
111 Other type--see byte 19h 


3..0 Value defines second fixed disk drive type 
(use table above) and byte 1Ah. 


NOTE: This byte identifies the type of fixed 
disk drive used, not the capacity. The 40-MB 
and 130-MB drives available for the COMPAQ 
DESKPRO 386 are drive types 17 and 25, 
respectively. As a result, byte 12h always 
contains FFh when these drives are used. 
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CONFIGURATION BYTE 14h--EQUIPMENT INSTALLED 


BIT 
76543210 
L_ 9 = No diskette drives are installed 
1 = Diskette drives are installed 
0 = No 80287 coprocessor 
1 = 80287 coprocessor is installed 


00 (Not used) 


Type of video display controller 
and operating mode 


00 = Reserved 

01 = Color/Graphics, 40-column 

10 = Color/Graphics, 80-column 

11 = Monochrome/text 

Number of diskette drives installed 
00 = 1 drive 

01 = 2 drives 

10 = Reserved 

11 = Reserved 


ee 
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CONFIGURATION BYTES 15h AND 16h--BASE MEMORY SIZE 


Bytes 15h and 16h comprise a 16-bit value that 
specifies the base memory size in increments of 1 KB 
(1024 bytes). The word is stored with the least- 
significant byte at the lower address (15h in this 
case). 


The following table lists the valid memory sizes for 
the base memory size: 


Byte 16h Byte 15h Memory Size (in Kilobytes) 


00h 80h 128 
Olh 00h 256 
02h 00h 512 
02h 80h 640 


CONFIGURATION BYTES 17h AND 18h--EXTENDED MEMORY SIZE 


Bytes 17h and 18h comprise a 16-bit value that 
specifies the extended memory size in increments of 
1KB (1024 bytes). The word is stored with the least- 
significant byte at the lower address (17h in this 
case). The extended memory size does not include the 
COMPAQ Built-in Memory or the 128 KB reserved for 
system use. See Chapter 3, Memory, for a description 
of the memory architecture. 


The following table lists the valid extended memory 
sizes for memory on all memory option boards: 


Byte 18h Byte 17h Memory Size (in Kilobytes) 


02h 00h 512 
04h 00h 1024 
06h 00h 1536 
08h 00h 2048 
38h 00h 14336 


ea i 
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He GS 
CONFIGURATION BYTE 19h --DRIVE C TYPE CONFIGURATION BYTE 2Dh--ADDITIONAL FLA\ 


This byte all fi i f ial 
If the disk drive is an extended drive type (type 15 is ‘byne al Tons the canrigurakien ot specie 


feat : 
or greater) bits <4..7> of byte 12h contain 1111b. ene 
The type of drive in drive C appears in byte 19h. BIT 
For a 40-MB fixed disk drive type 17, this byte 76543210 
contains 11h, or the hex value of the type. Fora L_ 9 = Non-dual-mode monitor installed 
130-MB fixed disk drive type 25, this byte contains 1 = COMPAQ Dual-Mode Monitor installed 
19h. 
0 = Disable keycl ick 
CONFIGURATION BYTE 1Ah --DRIVE D TYPE 1 = Enable keyclick 
0 = Non-COMPAQ video display 
If the disk drive is an extended drive type (type 15 controller installed 
or greater) bits <4..7> of byte 12h contain 1111b. 1 = COMPAQ video display controller 
installed 
The type of drive in drive D appears in byte 1Ah. 00000 = R d 
For a 130-MB fixed disk drive type 25, this byte = IRESEING 
contains 19h, or the hex value of the type. For a 
40-MB fixed disk drive type 17, this byte contains 
11h. CONFIGURATION BYTES 2Eh AND 2Fh--MEMORY CHECKSUM 
Value stored is the checksum for memory addresses 
10h. .2Dh. 
Byte 2Eh = High byte of checksum 


Byte 2Fh = Low byte of checksum 


_ SSS 


2-74 Technical Reference Guide 

CONFIGURATION BYTES 30h AND 31h--MEMORY OVER 1 MB CONFIGURATION BYTE 32h--DATE, CENTURY 

Value indicates amount of system memory in excess of This is the century part of the current time and date 
1 MB. These bytes are updated by the BIOS during the encoded in BCD (binary-coded decimal). The BIOS sets 
power-on sequence. and reads this value. 

Byte 31h Byte 30h Memory Size (In Kilobytes) 

02h 00h 512 CONFIGURATION BYTE 33h--SYSTEM INFORMATION 
04h 00h 1024 ~BIT 

06h 00h 1536 76543210 

08h 00h 2048 LILI! 999900 (Reserved) 

OAh 00h 2560 Used by SETUP program 

0Ch 00h 3072 

OEh 00h 3584 1 = More than 1 MB of memory 
10h 00h 4096 is installed 

12h 00h 4608 

14h 00h 5120 

16h 00h 5632 

18h 00h 6144 

1Ah 00h 6656 

1Ch 00h 7168 

1Eh 00h 7680 

38h 00h 14336 


System Board 2575 


Keyboard Controller and Interface 


The COMPAQ DESKPRO 386 supports two keyboards. They Chapter 5, Keyboards, contains the following 
are the: information for both keyboards: 
= COMPAQ Enhanced Keyboard (101 keys domestic/102 = Keycodes 


keys international ) 


= COMPAQ 84-Key Keyboard 


= Specifications 


= Responses to 8042 commands 


For both keyboards, an Intel 8042 single-chip The remainder of this section covers the operation of 
microcomputer provides: the 8042 


= An output port for system-function control and 
keyboard communication 


= An input port to read system-function status 


= A test port to read the status of the keyboard 
clock and data lines 


The 8042 has internal ROM that is custom-programmed 

with keyboard scan codes and operating instructions. 
Figure 2-12 is a simplified functional block diagram 
of the keyboard controller. 


The 8042 communicates with the keyboard in a 
bidirectional, serial format with a synchronizing 
clock. The 8042 receives serial data, checks its 
parity, translates the 11-bit scan codes from the 
keyboard into system codes, and interrupts the 80386 
to transfer data into the system. Both the COMPAQ 
84-Key Keyboard and the Enhanced Keyboard use 11-bit 
scan codes. 
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System Interface 


(Bidirectional 1/0) 


ie 


Command 
Register 
64h 
or 
Data 


Reglster 
60h 


Output 
Port 


(Port 2) 


Processor Reset : 


Not Connected 
Keyboard CLK 


Stotus 
Reglster 
64h 


8042 
Internal 
Processor 


Dip Switch 4 Status 
DIP h atus. 
tus 


Figure 2-12. 


Keyboard Controller Functional Block 


Diagram 


8042-to-Keyboard Interface 


The 8042 and the keyboard are connected by a four- 

conductor, shielded cable that carries a power line 
(+5 VDC), a ground line, a data signal, and a clock 
signal. 


The 8042 and the keyboard communicate in a 
“handshaking” fashion, using the data and clock lines 
for synchronous serial communication. The data and 
clock lines are driven by open-collector drivers at 
both ends of the cable in a wired-OR fashion. 


The keyboard supplies the synchronizing clock for 
data transmissions in either direction. 


See Chapter 5, Keyboards, for a complete description 
of the keyboard scan codes. 


Figure 2-13 shows a simplified schematic of the data 
and clock circuits. 


+5 Vde 


Keyboard 
Data Line 


fh 


From 8042 
Data Driver 


From Keyboard 
Data Driver 


To 8042 
Data Input 


To Keyboard 
Data Input 


+5 Vde 


Keyboard 
Clock Line 


/-—7, 


From 8042 
Clock Driver 


From Keyboard 
Clock Driver 


To 8042 
Clock Input 


To Keyboard 
Clock Input 


Figure 2-13. Simplified Schematic of the Data and 
Clock Circuits 
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11-Bit Data Transmission Format 


The COMPAQ DESKPRO 386 keyboards transmit and receive 
data in an 11-bit data format. The 8042 
automatically tests for keyboard type by monitoring 
the data format. Figure 2-14 shows 11-bit data 
formats with sample data transfers. 


para LJ LJ LJ Lt 1. 
0 1001 0 411 0 1 40 


CLOCK 


Pitti tte i 


DO Di D2 D3 D4 D5 D6 D7 Stop 


LSB MSB Bit 
Start Odd 
Bit Parity 

Bit 


11—BIT DATA FORMAT 


Figure 2-14. 11-bit Data Formats 
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Table 2-23 lists the 11-bit data transfer timing 
parameters. 


Table 2-22. Keyboard Data Timing Parameters 
Parameter 11-Bit 


Clock timing (minimum), 


Falling edge to falling edge 60 us 
Clock timing (minimum), 
Falling edge to rising edge 5 us 


Transmission time (maximum) 


First edge to completion 2 ms 


Time data must be valid 


before falling clock edge 0 us 


Time data must be valid 


after falling clock edge 5 us 


8042 Port Functions 


The 8042 has three ports: 


= An 8-bit output port for system function control 
and keyboard communication 


= An 8-bit input port to read system function status 


= A 2-bit test port to read the status of the 
keyboard clock and data lines 


To write to the output port: 


1. Write command Dlh (next byte is a value byte) to 
1/0 address 64h. 


2. Write the desired value for the output port to 
port address 60h. 


To read the 8042 output port value: 


1. Write command DOh (transfer the current output 
port values to the 8042 output buffer) to port 
address 64h. 


2. Read the 8042 output buffer (port address 60h). 


Before outputting commands and data to port 64h and 
60h, the code should first make sure that the 8042 
input buffer is empty. See the section entitled 
"8042 Programming Example” for more information. 


When programming the state of A20 via the 8042 output 
port, the program should be careful to wait until A20 
has been set to the desired value. That is, A20 
should be enabled or disabled before program 
operations that require A20 to be in the specified 
state continue. For example, several programs enable 
A20 when entering the Protected mode to access memory 
beyond address 10000h. These programs must wait 
until A20 is actually enabled by the hardware before 
proceeding to access memory beyond address 10000h. 
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The recommended method to ensure that A20 has been 
set to the desired value is to issue a null command 
(FFh) to the 8042 following the completion of the 
write output port (Dlh) command sequence. When the 
8042 accepts the null command, the program can be 
assured that the previous command (write output port) 
has completed and that A20 has been set by the 
hardware to the desired value. 


Figure 2-15 shows the bit values for the output port 
of the 8042. 


BIT 
76543210 
| Lj = System RESET line active 
0 = Hold address line 20 (A20) low 
1 = Enable address line 20 (A20) 


00 (Not Used) 
i 


Output buffer full 


1 = Input buffer empty 
Keyboard clock (controlled by the 8042) 


Keyboard data stream (controlled 
by the 8042) 


Figure 2-15. 8042 Output Port - Bit Definition 
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To read the 8042 input port value, send the following 
commands or values to the 8042 (port address 64h): 


1. Write command COh (transfer the current input port 
values to the 8042 output buffer). 


2. Read the 8042 output buffer (port address 60h). 


Figure 2-16 shows the format of the byte returned 
from the 8042 input port. 


BIT 
76543210 
| L1— 90 (Not Used) 
80287 installed 
80287 not installed 


0 = 4-MHz 80287 speed 
1 = 8-MHz 80287 speed 


0 = AUTO speed selected 

1 = HIGH speed selected 

0 = System board DIP switch 5 ON 
1 = System board DIP switch 5 OFF 
0 = COMPAQ dual-scan display 

1 = Non-COMPAQ display 

Security Lock 

0 = Locked 

1 = Unlocked 


Figure 2-16. 8042 Input Port - Bit Definition 


To read the 8042 TEST input port value, send the 
following commands or values to the 8042 (port 
address 64h): 


1. Write command E0h (transfer the current test input 
port values to the 8042 output buffer). 


2. Read the 8042 output buffer (port address 60h). 


Figure 2-17 shows the format of the byte returned by 
the 8042 TEST input port. 


BIT 
76543210 


Test0--Keyboard clock stream 


Testl--Keyboard data stream 
000000 (Not used) 


Figure 2-17. 8042 Test Input Port - Bit Definition 


Programming the 8042 
The 8042 is I/0-mapped at port addresses 60h and 64h. 


Prior to writing a command or data to ports 60h or 
64h, the 8042 Status register must indicate "Input 
Buffer Empty". Also, prior to reading data from port 
60h, test the 8042 Status register to ensure a "Data 
in Buffer" condition. 
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Port 60h, Data I/O Register 


Use the 80386's IN instruction to read data from the 
8042's output buffer. Data in the data I/0 register 
is from the keyboard, unless the 8042 has been given 
a command such as 20h, Read Command byte. 


Use the 80386's OUT instruction to send data to the 
keyboard, unless the 8042 has been given a multi-byte 
command such as 60h, Write Command Byte. To give a 
multi-byte command to the keyboard, write the first 
command byte to port 64h and the second command byte 
to port 60h. 


Port 64h, Command/Status Register 


The following pages describe the format for 
command/status register (port 64h) I/0 interactions 
with the 8042. 


Use the 80386's IN instruction to read the status of 
the 8042 and the keyboard (input from port 64h). 


Use the 80386's OUT instruction to give a command to 
the 8042 (output to port 64h). Writing to this ad- 
dress indicates that the next byte written to port 
60h is a command. 


Most commands involve a single write step. However, 
some commands do require a second step, such as a 
subsequent 8042 register read or write. 


Figure 2-18 shows the 8042 status register. Figure 
2-19 shows the 8042 command byte. Table 2-24 lists 
the 8042 command codes. 
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BIT 
76543210 76543210 


— No new data in buffer — Do not generate interrupt 
Data in buffer (input port 60h) Generate interrupt when output 
buffer full 
Input buffer empty (output port 
60h or 64h) 0 (Reserved) 
Input buffer full (output port 
60h or 64h) System flag--the value written 
to this bit is written into the 
0 = Power-on reset (cold start) corresponding bit of the status 
1 = Software reset (warm start) register. 
0 = Output buffer has data Obey Security Lock state 
1 = Output buffer has command Ignore Security Lock 
0 = Security lock engaged Enable keyboard 
1 = Security lock not engaged Disable keyboard 
1 = Transmission time-out error: Use 11-bit keyboard codes 
Bit (80386- and 80286-based products) 
5 6 7 Cause = Use 8088-/8086-compatible keyboard 
1 0 0 No clock codes 
PSR Uee emanate response Do not convert keyboard codes 


Oo oO 
iT] toil 
= © 
nou 


e 
il} 


Oo 
nou 


Hou 
Laat =) 


Oo 
" 


ra 


aS 
nou 


1 0 1 Clock ok; parity error Convert keyboard codes to the 


; : 8088/8086 scan codes 
1 = Receive time-out error. 


Keyboard data transmission started, 
but did not finish in 2 ms ey 
Figure 2-19. 8042 Command Byte 
1 = Parity error detected (11-bit 
format only). If an error is 
detected, a Resend command is 
sent to the keyboard once only, 
as an attempt to recover. 


Figure 2-18. 8042 Status Register (Input Port 64h) 
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Table 2-24. 8042 Command Codes (Output Port 64h) 


Code Function 
20h Put the current command byte on port 60h 
60h Load a new command byte. This is part of a 2-byte operation. To write a new command byte: 
1) Write 60h to port 64h 
2) Write the command byte to port 60h 
A3h Enable system speed control 
A4h Toggle--the 8042 changes its speed-control output port bits between the COMMON mode speed and the speed 
—___Selected by system board dip switch 4 


A5h Special Read--the 8042 places the real value of port 2 except for bits 4 and 5 which 
are given a new definition in the output buffer. No output-buffer full is generated. 


If bit 5 = 0, a 9-bit keyboard is in use 

If bit 5 = 1, an 11-bit keyboard is in use 

If bit 4 = 0, the output-buffer-full interrupt is disabled 
If bit 4 = 1, the output-buffer-full interrupt is enabled 


AAh Initialization--the 8042 initializes ports 1 and 2, disables the keyboard 
and clears the buffer pointers. It then places 55h in the 
output buffer. 
ABh Interface Test--directs the 8042 to test the data and clock lines of the keyboard interface. The output 
buffer (input port 60h) receives the test results, according to: 
00h - No error detected 
Olh - The keyboard clock line is stuck low 
02h - The keyboard clock line is stuck high 
03h - The keyboard data line is stuck low 
04h - The keyboard data line is stuck high 
05h - COMPAQ diagnostic feature 
Note: The keyboard data line test does not check for line stuck low for 9-bit keyboards. 
ACh Diagnostic Dump--Reserved for diagnostic purposes. 
ADh Disable Keyboard--sets bit 4 of the 8042's command byte, which disables the keyboard interface. Data is 
not sent or received until the keyboard is enabled. 


(Continued) 
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Table 2-24. 8042 Command Codes (Output Port 64h) (Concluded) 


Code Function 


SS 
AEh Enable Keyboard--resets bit 4 of the 8042's command byte, which enables the keyboard interface. 
COh Read Input Port--directs the 8042 to transfer the status of the input port and place it in the output 


buffer (input port 60h). Use this command only when the output buffer is empty. 


DOh Read Output Port--directs the 8042 to transfer the current byte in the output port to the output buffer 
(input port 60h). Use the Read Output Port command only when the output buffer is empty. 

Dlh Write Output Port--place the next byte written to the 8042 data register (output port 60h) on the 8042 
output port. The system speed bits are not set by this command--use commands Alh to A6h for speed 


functions. 
CAUTION 
Setting bit 0 of the 8042 output 
port 0 puts the system in a reset state 
until the power is turned off. 
EOh Read Test0 and Test1 Inputs--directs the 8042 to put the current state of Test0 and Testl into the output 


buffer (output port 60h). Test0 is bit 0 and Testl is bit 1. 

EDh This is a two-part command to control the state of the Num Lock, Caps Lock, and Scroll Lock LED indicators 
on the keyboard. The second byte of the command contains the state to which the LED indicators are to be 
set. The second byte is as follows: 


bit 0 - 0 = Scroll Lock LED indicator off 
1 = Scroll Lock LED indicator on 
bit 1 - 0 = Num Lock LED indicator off 
1 = Num Lock LED indicator on 
bit 2 - 0 = Caps Lock LED indicator off 
1 = Caps Lock LED indicator on 


bits 3 - 7 = Reserved, should be set to 0. 


FOh-FFh Pulse Output Port--the 8042's output port, bits <3..0>, can be pulsed (strobed low) for approximately 
2 us. Bits <3..0> of this command byte each represent one bit, or signal of the output port to be pulsed. 
Note that bit 0 of the 8042's output port 0 is connected to the system reset. Pulsing bit 0 will reset the 


system. 


a 
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8042 Programming Example 


The following assembly language commands are used to 
communicate with the 8042: 


in al, 64h read 8042 status register 

out 64h, al output command in al to 8042 
in al, 60h read keyboard data 

out 60h, al output data in al to keyboard 


In general, before outputting commands and data to 
ports 64h and 60h, the code should first ensure that 
the 8042 input buffer is empty and therefore ready to 
receive a byte. The 8042 input and output status is 
obtained by reading port 64h. 


The following program shows how to "check the 
keyboard LED indicator status” within a keyboard 
interrupt handler. The program below does not 
specify how to handle the following two error 
conditions: 


1. The timeout if the keyboard input buffer never 
goes empty. 

2. The condition if an acknowledgement (ACK) is 
never received. 


The steps involved are: 


die 
2. 


num > Ww 


Make sure the 8042 input buffer is empty. 
Output the ADh command to 8042 (port 64h) to 
disable keyboard interface. 

Read the scan code from port 60h. 

Wait until the 8042 input buffer is empty. 
Output the EDh command to keyboard (port 60h). 
Wait until ACK is received from keyboard 

(port 60h). 

When the 8042 input buffer is empty, output the 
option byte. 

Wait until the second ACK byte is received. 
When 8042 input buffer is empty, output the AEh 
command to the 8042. 
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REVD_ACK equ 1 : ACK received flag 
KBD_TO equ = ; KBD timeout value 
; Define the data segment 
data segment 

assume ds:data 


kbdflg db q ; Keyboard flag byte 
optbyt db ? : Option byte value 


data ends 


' 


: Define the code segment 


code segment 
assume cs:code 
_keyint proc far 
sti ; Enable processor interrupts 


Save registers 


pusha : Save general registers 

push ds : Protect interrupted ds register 
mov ax,data : Get data segment 

mov ds , ax : ...into DS 


Disable keyboard interface (AD command) until keyboard 
; interrupt has been processed. When interrupt processing 
is complete, enable the interface again by sending an AE command. 


call kbdrdy ; Wait until 8042 ready for input 
mov al,O0ADh : Disable keyboard interface 

out 64h, al ; Write to 8042 command register 
jmp $ + 2 ; Allow time between 

jmp $ + 2 : Outputs to 8042 

in al,60h : Get scan code from data register 


a 


ax : 
al,20h ; 
20h,al : 
ax : 
al,OFAh ' 
notack 
kbdflg,RCVD_ACK; 
keyout H 


al,3Ah : 
capslock < 


; Test and handle other scan 


capslock: 
and 
call 
mov 
out 

getackl: 
test 
AZ 
and 
call 
mov 
out 

getack2: 
test 
jz 


kbdflg,not RCVD_ACK 
kbdrdy 

al,QEDh 

60h,al 


kbdflg,RCVD_ACK 
getackl 

kbdflg,not RCVD_ACK 
kbdrdy 

al,optbyt 

60h,al 


kbdflg, RCVD_ACK 
getack2 


codes 


' 


Save scancode 

Perform EOI 

...to master PIC 8259a 
Restore scan code in al 
Q: Receive ACK? 

N: 

Y: Set ACK received 
Return from interrupt 


Q: CAPS LOCK make scan code? 
Y: Go handle it 


here 


Reset ACK received flag 

Wait until 8042 ready for input 
Get Set LEDs command 

Output to kbd data register 


Q: Received lst ACK? 

N: Wait for it 

Y: Reset ACK received flag 

Wait until 8042 ready for input 
Get option byte 

Output it to kbd data register 


Q: Received 2nd ACK 
N: Wait for it 


System Board 
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keyout: 


Keyboard interrupt processing complete. Enable the keyboard 
interface. 


call kbdrdy 


mov al,OAEh ; AL=enable interface command 
out 64h,al ; Output to 8042 command register 
pop ds ; Restore interrupted ds 
popa ; Restore general registers 
iret ; *** RETURN *** 
_keyint endp 


ae KKEKKKKKKKKKEKKEKKEKKEKRKKKKKREKEKKERERERE KER EER ERERERERKEREKEREKKEKREKEEEK 
' 


;Routine to wait until the 8042 is ready for more input. The routine 
;exits with ZF=1 if the 8042 is ready, otherwise ZF=0 if timeout. 


a KEKKKKEKKKKKKKKEKKEREKKKEKEKKKKRKERKRKEKKKEKRERERKRKEKR EK EREKKERKKERKRERER 
, 


kbdrdy pro near 


push cx ; Protect cx 
mov cx,KBD_TO ; CX = Time Out value 
kbdsta: 
in al,64h Get keyboard status 
test al,2 Q: 8042 input buffer is full? 
Joopnz kbdsta Y: Wait 
pop cx Either ready or timeout 
ret eA" RETURN: *** 


kbdrdy endp 


code ends 
ends 


Switches 
This section is separate for ease of reference. 


Switch SW1 is used to configure the system board. 
Table 2-25 lists the SW1 switch settings. Switches 
1,2,3, and 6 should reflect the hardware 
configuration of the system. Switch 4, the speed 
control switch, selects the default system speed. 
HIGH is the full 16-MHz 80386 speed all the time. 
AUTO is normally at the full 16-MHz CPU speed, but 
automatically switches to the simulated 8-MHz 80286 
speed during diskette operations. This allows time- 
dependent copy protection schemes to work correctly. 
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Table 2-25. Switch SW1 on the System Board 


Switch Setting Description 


1 ON Fail-safe timer enabled 
(standard) 
OFF Fail-safe timer disabled 
2 ON 80287 numeric coprocessor 
installed 
OFF 80287 numeric coprocessor 


not installed (standard) 

4-MHz 80287 numeric coprocessor 

clock speed 

OFF 8-MHz 80287 numeric coprocessor 
clock speed (standard) 


4 ON AUTO power-on system speed mode 
(standard) 
OFF HIGH power-on system speed mode 
5 OFF Reserved 
6 ON COMPAQ Dual-Mode Monitor or 


COMPAQ Color Monitor 
(standard) 


OFF Non-COMPAQ monochrome display 
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System Connectors 


Figures 2-20 through 2-30 show the COMPAQ DESKPRO 386 
system board connectors. 


Signal 
M16— 
016— 
RQi0 
RQi1 
RQi2 
RQIS 
RQ14 
DACKO— 
DRQO 
DACKS— 
DRQS 
DACK6— 
DRQ6 
DACK7— 
DRQ7 
+5 Vde 
GRAB-— 
SIGNAL GROUND 


Pin Pin 
DO1 Ff COI 
Do2 | | co2 
DO3 | | Co3 
Do4 | | co4 
DOS | | CO5 
p06 | | Co6 
Do7 | | co7 
DOB | | cos 
Dog | | cog 
D10 || C10 
bD1i1 || c11 
p12 |} c12 
D13 || C13 
D14 || C14 
D15 || C15 
D16 || C16 
D17 | | C17 
p18 LJ c18 


Signal 
SBHE— 
LA23 
LA22 
LA21 
LA20 
LA19 
LA18 
LA17 
MRDC— 
MWTC— 
SD8 
SD9 
SD10 
sD11 
SD12 
SD13 
SD14 
SD15 


Figure 2-20. 


Signal 
GROUND 
RESDRV 
+5 Vde 
IRQQ 

—5 Vde 
DRQ2 
—12 Vde 
NOWS— 
+12 Vde 
GROUND 
SMWTC— 
SMRDC— 
lowc— 
1ORC— 
DAK3— 
DRQ3S 
DAKi-— 
DRQ1 
REFRESH— 
BCLK 
IRQ7 
IRQ6 
IRQS 
IRQ4 
IRQ3 
DAK2— 
T/c 
BALE 
+5 Vde 
OSC 
SIGNAL GROUND 


8-/16-Bit Expansion Bus Connector 


Pin 


BOo1 

BO2 
BO3 
BO4 
BO5 
BO6 
BO7 
Bos 
Bog 
B10 
B11 

B12 
B13 
B14 
B15 
B16 
B17 
B18 
B19 
B20 
B21 

B22 
B23 
B24 
B25 
B26 
B27 
B28 
B29 
B30 
B31 


Pin 


A01 
| A02 
AOS 
A04 
AO5 
A06 
A07 
AO8 
AOg 
A10 

All 
A12 
AIS 
Al4 
A15 
A16 
A17 
A18& 
A19 
A20 
A21 
A22 
A23 
A24 
A25 
A26 
A27 
A28 
A29 
A3O 
U A3t 


Signal 
IOCHK— 
SD7 
SD6 
SD5 
SD4 
SD3 
SD2 
SD1 
SDO 
BUSRDY 
AEN 
SA19 
SA18 
SA17 
SA16 
SA15 
SA14 
SA13 
SA12 
SA11 
SA10 
SAQ 
SA8 
SA7 
SA6 
SAS 
SA4 
SAS 
SA2 
SA1 
SAO 
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Fixed Disk Drive Power Connector 


Diskette Drive Power Connector 


Power Supply Connector System ROMs 


Tape Backup or Second Fixed Disk 


Drive Power Connector 8042 Keyboard Controller 


Monitor Power Connector 


Battery Connector 


i 


que 
DUO) IU 


wf 


UO 
oo000 


8—/16—bit 
Expansion Bus 


OOOUUOU 


Speaker Connector 


Security Lock Connector 


E (UL 
nO 
POL 
f 


oN 


Keyboard Connector 


32-bit Memory Board 


Power/Ground Connector System Board DIP Switches 


32—bit Memory Board Connector 


| 


80386 Microprocessor 


80287 Numeric Coprocessor 


Figure 2-21. System Board Connections 
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The signal descriptions for connector J300 are 

described in Chapter 3, Memory. +5 Vde 

Key 

+12 Vde (Main) 
Ground 

Ground 


Arbab — 


Figure 2-23. Jll1 and J112, Diskette Drive 
Power Connector 


+5 Vde 

Key 

+12 Vde (Aux) 
Ground 

Ground 


Qr and — 


Figure 2-24. J109 and J110, Fixed Disk Drive Power 
Connectors 
Ground 


+12 Vde (Main) 
Key 

Ground 

Ground 

Ground 


OrkUn = 


Figure 2-22. 32-Bit Memory Board Power/Ground 


Connector 


Figure 2-25. J113, Monitor Power Connector 
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1 +5 Vde 

2 Ground 

3 Key 

4 SPK DRV 
1 [.| +5VRST (Not Used) 

Figure 2-26. J115, Speaker Connector 2| «| PWwRGOOD 

3| 0. | No Connection 
4] 0] Ground 
5|a}] —12 Vde 
6 | a} Ground 
7|o0]| Ground 
8] a | Ground 

1 +5 Vde 9} a| Ground 

2 +5 Vde 10} a] —5 Vde 

3 Key 11 | ao] +5 Vde 

4 KBD DATA 12|o0]} +5 Vde 

5 Ground 13} 0} +5 Vde 

6 Ground 14] 0] +5VS 

4 KBD CLOCK 15 | o0 | +12 Vde (Main) 
16 | a| +12 Vde (Aux) 
17 | a| +12 Vde (Aux) 

Figure 2-27. J116, Keyboard Connector 18 | a} +12 Vdc (Main) 

19 | o | Ground 
20} 0] Ground 


Note: The maximum current for a single conductor (pin) 
must not exceed 5.0 A per line for +5 Vdc or 
4.0 A for other lines. 


Figure 2-28. J117, Main Power Connector 
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Battery + V 
Key 

No Connection 
Ground 


PWN 


Figure 2-29. J118, Battery Connector 


1 Enable Keyboard 
2 Ground 


Figure 2-30. J119, Security Lock Connector 
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2.5 SCHEMATICS 


Figure 2-31 shows the schematics for the COMPAQ DESKPRO 386 Personal Computer system board. COMPAQ Computer 
Corporation does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding 
of the system operation. 


N3 
7407 
3 4 


use8B 


SPARE POSITIONS 


DIP14 DIP16 
A3Z0 A314 
A13 SPARE SPARE 
POSITION]| POSITION 
U76 u78 


PCB.PART NUMBER: 000403 
ASSY PART NUMBER: 000401 


Figure 2-31. COMPAQ DESKPRO 386 Personal Computer System Board Schematics (Page 1 of 12) 
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ERROR* 708 
BUSY7* 708 


lvcc out|_8 
Jono NC 


B7CLK# 


CLK24 


7os RES287 


42 20 LAK<2: 
ee 


. 788, B08 XIORCH 


. 788, e08 XIOWCH® 


see. 4as LNCPH 


4B1, 5c4, ece, 708 XA<8: O> 


34, 5B 
17> 1008 
1188 


LOWA20 _ 6cs, 1208 


: 4 


408, 12ce PD<34: 0> 


PA<23: 2> 
BES* 


BEen 


BEix 


BEO* 


W-R 


o-c 


M-IO0 


ADS 


HULDA 


BUSY* 


PUEX 


NA 


READY* 


32.000MHZ 
av | 


2xa a Aye exe 


HOLD 


ZCK16" 


CLK32 


CLK16% 


4.7UH 
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308, 12ce 
3A8, 1288 
3a8, 1288 
3A, 1288 
. 408, A2AB 
. 408, 42AG 
. 4A8, 4208 
1. 448, 4208 
|. 4208 


ace, ce 


1208 
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284. 4ae. 12a8 D-C 


284, 48, 12a W-R 


281. 1ece PA<23: 2> 
203, 4aB, a2a8 PA31 


PA<23: 2> 
ALS573 
41D «610 


ALS573. 
1G 


ALSS5S73 


10 


1a 


ed 2G 


2a 


20 


2a 


3D 43a 


4D 4a 


5D 50 
60 


3G 


3D 


30 


4a 


4D 


4g 


5a 


5D 


sa 


6a 


| 60 


6a 


7a 


70 


7a 


4ae, op ALE 


7D 


8G 


[=12) 


i-Te) 


ny} u] 8 |e} an] s] Jeo 


»|4|0]0]Nlola]a}u|no 


UE 
G 


21, ope HLDA 


ALSOO 


z2as HOLD 


LHLDA 43 


4a4, op3, 11a8 MWTCK 


HOLD 12 


4A, Baa, 804 
20AB, 148. MAGCH 


303, 288 LO-C 


D4-SDEN 


ee. WOEN® 


BHLDA* 


20A8, 08, 1248 M32* 


ace, 4as LNCPX 


=} 
EI} 
z 
6 
s 
4 
3 
2 
a 
Fy 


BENx<3: O> 


u32 


2c:, 58 
LA<23:17> Tose. s:B6 


H 581, 708, oct 
SA<39; 0> 563,708.51 


HAROOSO 


BHLDAX aes. ce 


BEN*<3: 0> «ace 
OIRRD#* ace 


ps} |r] wa] cnn] ss] co} co 


ba 


eA9, 7c8, ace 
958. 1248, 1201 BSTx 


BCK<3: O> 


CLAST# 


BCK<3:0> «oe 


CLAST* sas 


CLSTOX* 


CLSTO* sos 


. aaae TOG 


SAi 


SAO 


. saan MIB 


BHE® 


BHE® 4Ba, 42A8 


gas 704 
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gas TOO 


CxXi6% 
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ace, 1ace PO<31; 0> 


ALSS5S73 ALS573 


49/4 4D 41D 
2D 
3D 
4D 
Er) 
6D 
70 
ep 


lof |rofw]alanja]N 
0} o]an} a }w|ro 
lO} |ro}w] a }ui}a]w 
to} 0) o]ur}s}w)o 
to} @)| may} 

0} 0] Nj] o} an} 3] w]r0 


0D<7: 0>5h8: See 


se. BCK<3: 0> OMA 54, 
CIOROX 7as 


ary ea75 


‘<< 
Sea ZCKi6x 9 
a3 


lo} |ra}ua] aan} 
lof+|nufw]alulayy 
wo} a]NJo]u}a|o|ro 


++} 0}0]W]m]ur}  |oa]ro 
4} 0]]NJo]a}a}u}ro 
| 0]o]NJo]a}s}os}ro 


ses BEN*<3: O> 
ayaa sp<15: 0>i%5a° ***° 
aes 
81, 10a8, 11ce BALE BALE 
sas AEN2H AEN2* wdevccaiecs 
C4. 
ses DAENI* DAENi* 708 
TORCx BAS, 4448 
gaa IOWCX® IOWCX*® DAEN* 5e8, 608 
508, BAS, 2048, 1ace REFRSH MRDCH DAEN2* saa 
sose LOWEN* fe 
sae, 2148 1046 
3A8, BAB, 12A8 MIGH if SMRDCH 
381, ece BHLDA BHLDA®* 


ace, 301 LD-C 
Ls125 SMWTC# 
3 
U45A SSS] 


388.30: LW-R 
MEM*® goo 


see LM=10 
Vv 4 
Mi6Ex LNCPX ace, see 
BHLDAX SHTO* eos 
MHLDA i248 


IOWC op4, ae, 1106 


TORCH aps, 11808 


D4-SCMDA 
MWTCX ace, eps, 1148 


3CB, 801, BAL 
MRDC# 048, 1148 


ape. 081 CMD 


288.98: BRDYK 
sce. 984 ALE 
284, 308, 1248 WA 
264, 308, 1248 D—¢ 
2B4, 3A, 1248 MOTO 
2B4, 3A8, 4208 BEOW 
204, 38, 1248 Pag 
,A26 


BHLDA® 


REFRS® INTA* eos, 788 
LO-Cc 
LW-R 


clot loll alalate 


2 


180 
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ope, sae GRAB 
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7B, PAGES* 
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2 


ALSOO 


US2A 


aace, 1201 RESDRV 


acs DRDY 
lec, 901, ace OCLK 
7e1 OMASIn® 


ece OMROC ALS573 


sos XMWTC® 
ece XIORCx 
soe 


10 1@ 
2D 20 
3D 3a 
4D 40 
5D 5a DMAx 

60 6a PAGESH sus 
70 7a XIOAC 6 Iayw 
8D 8a XIOWCH AS1 


= —qS TROBE ASO 


G Ue7 XA<B:0> Son *7* °°? 


L_U2i | 3c4. 708, eca 
eS 


DAENi*® ase 


of |ro]ua] suf] 


is 
rs] |.0]0]~W]on] on] a] ew] ro 
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481, 808 OAB, 1188 
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lof |ro]w] sanjay 
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—— a ae ee 5 Ss 3 ; 


INT Bae 
eas AEFAS ares 
-= WH 
nos, ace, eos DCLK SLOWH® SLOWH® sca, eco 
yas TIMCLK Att 5 cick = 
vos TIMES" Pr = T NCPIN® 708 
rRG4 8254 U41 By ayov 1 2 Soe, 
sace_IAQG7 217CS ciko|S 4 20K SWITCH D 
aace ings 4 4 07 GATO +3 T 3) S07 "ineracceo 
sace D6 OUTO FAILTM 3) 4 MHz 20: 
tice _IRQ4 S 3 lps 2) 8007 aPEeo Low 
ssce_IAG3 2 4 toa 8) Dr8PLAyY TYPE 
TAGe 3 S_los cucs28 
2 6 |p2 cats}44 
IAGO a 7=lga curate 
0 oO 8 |p0 
aaa, 700 INTAM o 13] a0 H2 xevLock 
7es INTiSH 1 20]a4 ciKke|48] | ocLk SLOWH __ 2 
2ce. sca XIOWCK 22]AD GatT2|46| | AEFRS ALSO2 7 
Foe, 808 23]WA ouT2|22)||SLOWGN 41 6 vais 
SLOWOX 12 U790 ) 43 5 IDS 8042 
404, 54 4146 Ing p2o0j24 ASTAR* eos 
Fao, 70a SODSZ_O> 3 145 \p3 P24 LOWA2O acs, s2a8 c 
zoe, 5C8 XIORCK fa 2 [44 \55 p22 
G 7apiene: rt) a [43 |o4 P23 
zas PCLKH ks aK 922 loo p24 
P25 
ze. KEYCSH I SELENE TALS 
704 TIMiSK IXTAL2 P26 
2cs, 281 XA<B: O> SS spies Pe7 
Bes. 708 
Bes59 ve 2s 6254 Use KEYCS® AO TESTO 
Ss 24 9 ics 
stao IRQS 25} 31R7 INT 42 TS cLKo XTOWCH 104,, TEST 
saaa IAQi4 24lins 07/4 74 42 4 To7 catol42 xronce a "2 
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Chapter 3 
MEMORY 


3.1. INTRODUCTION 


COMPAQ developed the COMPAQ DESKPRO 386 memory 
subsystem with the goal of optimizing the performance 
of the 80386 microprocessor. As a result, the memory 
subsystem uses innovative memory techniques to 
provide the 80386 with maximum bandwidth to the 
memory subsystem. 


The most obvious aspect of the COMPAQ DESKPRO 386 
memory system is that it is based on a 32-bit data 
path to complement the 32-bit architecture of the 
80386. The memory subsystem interfaces to the 
COMPAQ DESKPRO 386 system via the 80-pin 16-MHz 
memory expansion bus, whose signals are generated 
directly by the microprocessor. This direct interface 
minimizes the signal delays between the 
microprocessor and the memory subsystem. 


Memory Devices 


The memory is configured in a 36-bit-wide arrangement 
consisting of 32 bits of data and 4 bits of parity. 
Each parity bit is directly associated with one of 
the 4 bytes in the 32-bit double-word (dword). This 
arrangement, with 256K x 1 static column dynamic RAM 
(DRAM) devices, yields a memory bank size of 256K 
double-words, or 1 MB. Figure 3-1 shows the 32-bit 
arrangement using 256K x 1 devices. 
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Figure 3-1. 


Memory Arrangement Using 256K x 1 RAMs 
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Memory Architecture 


The COMPAQ DESKPRO 386 memory subsystem has been 
specifically designed to complement the highly 
effective 32-bit prefetch mechanism of the 80386. 
This subsystem has a paged memory architecture using 
static-column RAM devices to minimize the number of 
wait states required during memory accesses. The 
256K x 1 static-column RAM devices are particularly 
attractive for this purpose, because they can operate 
at high speeds in the paged mode. 


Paged mode operations occur on the COMPAQ DESKPRO 386 
memory subsystem by holding the row address of the 
static-column RAM devices for consecutive memory 
accesses within the same physical page. That is, for 
consecutive memory operations within a page, the row 
address of the devices is kept constant while the 
column address is modified according to the location 
in that page to be accessed. The 256K x 1 static- 
column devices used in COMPAQ DESKPRO 386 are 
configured in a 9 x 9 matrix with 9 bits of row and 9 
bits of column address information. This RAM 
configuration yields a page size of 512 bits (2 to 
the ninth power) per device. Since memory is 
configured and accessed in 32-bit double-words, the 
effective page size for which the row address is 
constant is 2 KB (512 bits/device x 32 
devices/double-word) . 


For consecutive operations within a page, the static- 
column RAM devices exhibit approximately a 50-ns 


access time. In non-paged operations where 
consecutive memory accesses are not within the same 
page, these devices typically operate at 100-ns 
access time. With these parameters, the COMPAQ 
DESKPRO 386 memory subsystem operates with 0 and 2 
wait states during paged and non-paged memory 
accesses, respectively. This approach complements 
the 80386 prefetch mechanism so that, on the average, 
the memory subsystem operates with less than 1 wait 
state per 32-bit memory access. 


The internal prefetch unit of the 80386 performs 32- 
bit prefetch operations from the memory subsystem. 
The prefetch unit's purpose is to keep the 12-byte 
prefetch queue as full as possible using CPU cycles 
that do not require bus activity. Typically, 80386 
instructions contain a number of cycles that are 
performed through the internal registers of the 
microprocessor and that do not require bus activity. 


Prefetch operations receive high-priority access to 
the bus, particularly after an instruction sequence 
that results in discarding the contents of the 
prefetch queue (for example, jumps and calls). Upon 
discarding the contents of the prefetch queue, the 
80386 quickly refills the queue, typically during the 
execution of the first instruction after the queue 
contents are discarded. Refilling the queue causes a 
number of consecutive prefetches of sequential 
instructions to occur immediately after the 
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instruction being executed. The consecutive 
prefetches and the sequential nature of the 
instructions allow the memory subsystem to operate 
within a physical memory page (2 KB) and result in 
O-wait-state memory accesses. In this mode, a 32-bit 
double-word is prefetched by the 80386 in 125 ns. 


On the average, approximately 60 percent of the 
memory accesses in COMPAQ DESKPRO 386 occur in paged 
mode. (This percentage depends on the type of 
application being executed.) At this rate, the 
memory averages 0.8 wait states per double-word 
memory access. In certain applications using a 
localized set of instructions (for example, graphic 
drivers), the average number of wait states per 
memory access approaches 0. This level of 
performance can hardly be surpassed, even by 
expensive memory cache designs that utilize high- 
speed, static memory devices. 


3.2 MEMORY CONFIGURATION AND 
FUNCTIONS 


The COMPAQ DESKPRO 386 memory takes maximum advantage 
of the 1 MB of standard memory. In the standard 
COMPAQ DESKPRO 386 product, the 1 MB of memory is 
typically configured with 640 KB of base memory and 
384 KB of memory addressed at the high end of the 
16-MB address space. The 640 KB of base memory can 
execute existing MS-DOS applications developed for 
80286-based products. The uses for the 384 KB of 
additional memory are described in Chapter 4. Figure 
3-2 shows the base memory configuration of the COMPAQ 
DESKPRO 386. 
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AMOUNT By using jumpers on the system memory board, the user 
ADDDRESS wevinny. can reduce the amount of base memory enabled on the 


32-bit system memory board. Reducing the amount of 
base memory may be desirable, for example, for 
execution of certain applications that specifically 
require a 512-KB base memory configuration. The base 
memory can be configured to either 256, 512, or 

640 KB. As base memory segments are disabled, the 
equivalent amount of memory is automatically added to 
: the additional COMPAQ Built-in Memory at the high end 


E00000h Md 
16—Bit RAM caine ee EN of the address space. For example, a COMPAQ DESKPRO 


Expansion 386 system whose base memory has been configured for 
A00000h Be eyed ees OMB 512 KB contains 512 KB (384 KB + 128 KB) of COMPAQ 


Built-in Memory. When base memory is configured for 


FFFFFFh =e at TOMB 


FEOO00h 


FAO000h 


yet ig 256 KB, there is 768 KB (512 KB + 256 KB) of COMPAQ 
Built-in Memory. Figure 3-3 shows the memory 
100000h ——— 1MB configuration for a system having 512 KB of base 
128KB System ROMs memory. 
OE0000h 
64KB Lim Pages 
ODO0000h 
64KB Option ROMs 
0C0000h 
128KB Video RAM 
aici ae rma] — 
32 Bit 
RAM 
000000h | el eo oe oy KB 


Figure 3-2. Memory Map for 640 KB of Base Memory 
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aia ROM Mapping 
ADDDRESS MEMORY 
FFFFFFh The COMPAQ DESKPRO 386 memory system has a number of 
128KB Reserved special features that optimize the use of the memory 
For System Use available beyond the base memory to improve system 
FEQ000h performance. Of the 384 KB of additional memory 
384KB COMPAQ available in the standard memory configuration, the 
Built-in Memory last 128 KB contain a number of special addressing 
FROGGOH ° features. This 128-KB block, starting at address 
. FE0000, can be relocated (mapped) via special 
£00000h ____*________ _. —_ — — 14MB hardware map registers to replace the 128-KB area 
fea normally assigned to the system ROMs (0E0000 to 
AOO000h | 2 10MB OFFFFF). When mapped, the 128-KB RAM block normally 
located at FEQ000 can be addressed at either FE0000 
32—Bit RAM or 0E0000. The ROM devices are not accessible while 
Expansion the RAM is mapped to the address space normally 
occupied by the ROMs. 
100000h — — 1MB P y 
128KB System ROMs 
OE0000h 
64KB Lim Pages 
0ODO0000h 
64KB Option ROMs 
OCOO000h 
OAO000h - 
080000h ss —— — S12KB 
32—Bit 
RAM 
000000h ses ee, (OKB 


Figure 3-3. Memory Map for 512 KB of Base Memory 
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In addition to its relocation capability, the 128-kB 
block of RAM beginning at address FEQ000 can be 
write-protected by special hardware registers on the 
system memory board. The relocation and write- 
protection capabilities combine to allow the system 
ROM to be replaced with high-speed RAM having the 
same contents. This 128 KB of RAM is reserved for 
system use. This substitution significantly improves 
system performance during execution of the BIOS that 
normally resides in ROM. The performance increase 
results from the faster access time of the 32-bit 
static-column devices in comparison with the 250-ns 
ROM devices accessed through the 16-bit bus. If the 
COMPAQ Enhanced Color Graphics Board is installed, 
its 16-KB ROM is also copied to the 128-KB RAM area. 


System Memory Board Registers 


Figure 3-4 shows the address and contents of the 
special, memory-mapped hardware register used in 
relocation of the RAM. This register is a write-only 
register; it cannot be read. 


MEMORY-MAPPED ADDRESS 80C00000h 


BIT 
76543210 
L_ Q = Relocate 128-KB block at 
FEQ000h to address OE0000h. 


1 = 128-KB RAM is addressed only 
at FE0000h. 


0 = Write-protect RAM at FE0000h. 


1 = Do not write-protect the 128-kB 
RAM at FE0000h. 


Reserved, always write ls. 


Figure 3-4. RAM Relocation Register Contents 
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MEMORY-MAPPED ADDRESS 80C00000h 


The system memory board also contains a diagnostics 
register to help during tests of the memory 
subsystems. This register allows a diagnostics 
program to read the state of memory configuration 
jumpers on the system memory board. The register 
also contains the status of the parity bits for each 
of the four memory banks. RAM tests occur very 0 = Parity error in byte 2 
quickly, because they are performed by reading and 


BIT 
76543210 


Parity error in byte 0 


rT 


= Parity error in byte 1 


writing 32-bit data patterns. If a parity error is 0 = Parity error in byte 3 
detected, a diagnostics program uses the diagnostics 00 = Base Memory set to 640 KB 
register to determine which byte in the 32-bit 01 = Invalid 
double-word caused the error. 10 = Base memory set to 512 kB 

11 = Base memory set to 256 KB 
Figure 3-5 shows the address and contents of the 
memory mapped diagnostics register. This register is 0 = Second 1 MB of system memory 
a read-only register; it should not be written to. hoard Ts) enepled 
Writing to this register affects the contents of the 0 = Memory expansion board is 
RAM relocation register (see Figure 3-4). installed. 


Figure 3-5. Diagnostics Register Contents 
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Physical Memory 


The 32-bit memory subsystem consists of a system 
memory board connected to the system board via the 
80-pin connector at location J300. (The schematics 
for this board appear in the last section of this 
chapter). The system memory board, the layout of 
which is shown in Figure 3-6, does not occupy one of 
the expansion slots on the 8-/16-bit expansion bus. 
The 80-pin connector is shown in Figure 3-7. The 
system memory board contains 1 MB of RAM soldered on 
board and has sockets that can hold an additional 

1 MB of memory. The system memory board also 
contains a connector (shown in Figure 3-7) for 
attaching one of two system expansion memory boards. 
This configuration allows the 80-pin connector to 
support all of the 32-bit memory. The system memory 
board also contains a bank of jumpers that control 
the memory configuration of the system memory board. 
The settings and purpose of these jumpers are 
described in a later section entitled "Switches. 
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Expansion Board Connectors 
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Figure 3-6. Layout of the System Memory Board 
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Signal 
GROUND 
PD1i 
PDS 
PD5 
PD7 
PD9 
PD11 
PD13 
PD15 
PD17 
PD19 
PD21 
PD23 
PD25 
PD27 
PD29 
PD31 
PAS 
PA5 
PA7 
PAQ 
PA11 
PAIS 
PA15 
PA17 


GROUND 


Figure 3-7. Pinout of the System Memory Board 
Connector 


Pin 


FO4 | | E04 
FOS || E05 
FO6 | | E06 
FO7 | | EO7 
FO8 | | E08 
Fog | | E09 
F10 || E10 
F11 E11 
F12 || E12 
F13 || E13 
F14 || E14 
F15 || £15 
F16 || E16 
FI7 || E17 
F18 || £18 
F19 || E19 
F20 | | E20 
F21 E21 
F22 || £22 
F23 || E23 
F24 || E24 
F25 | | E25 
F26 | | E26 
F27 | | E27 
F28 | | E28 
F29 | | E29 
F30 | | E30 
F31 E31 
F32 | | E32 
F33 | | E33 
F34 || E34 
F35 | | E35 
F36 | | E36 
F37 | | E37 
F38 | | E38 
F39 | | E39 
F40 U E40 


Pin 


Signal 
+5 Vde 
PDO 
PD2 
PD4 
PD6 
PD8 
PD10 
PD12 
PD14 
PD16 
PD18 
PD20 
PD22 
PD24 
PD26 
PD28 
PD30 
PA2 
PA4 
PA6 
PAB 
PA10 
PA12 
PA14 
PA16 
PA18 
PA20 
PA22 
BES— 
BE1— 
ADS— 
D/C 
CLK32 
MRDY— 
LOWA20 
PA3S1 
NA— 
PARIT— 
+5 Vde 
+5 Vde 


System Memory Board 


The system memory board uses 256K x 1 chips 
exclusively; and each bank of 36 chips contains 1 MB 
of memory complete with parity. Thus, the system 
memory board itself can be fully populated with as 
much as 2 MB of memory. This board utilizes 256K x 1 
static-column RAM devices and contains 1 MB of memory 
soldered on board with the second megabyte socketed 
for expansion. Memory can be added to this expansion 
board only by using the 256K x 1 static-column RAM 
devices in 1-MB increments. 


3.3 32-BIT MEMORY EXPANSION 
BOARDS 


The 2-MB 32-bit memory expansion board has a 
component layout similar to that of the system memory 
board. This board utilizes 256K x 1 static-column 
DRAM devices and contains 1-MB of memory soldered on 
board with the second megabyte socketed for 
expansion. Memory can be added to this expansion 
board only by using 256K x 1 static-column RAM 
devices in 1-MB increments. 


The 8-MB 32-bit memory expansion board uses 1 mb x 1 
static-column RAM devices and contains 4 MB soldered 
on board and 4 MB socketed for expansion. Memory can 
be added to this expansion board only by using 1 mb x 
1 static-column RAM devices in 4-MB increments. (The 
schematics for both the 2-MB and the 8-MB memory 
expansion boards appear in the last section of this 
chapter. ) 
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The system memory board must be filled before a 32-bit memory expansion board can be added. Memory, beginning with 
the system board, must be added in the order given in Table 3-1. 


Table 3-1. Memory Increments to Achieve either 4 MB or 10 MB of Memory 


Memory Path 1 Path 2 
Increments Total Memory Total Memory 
(In Megabytes) (In Megabytes) 


System memory board - Second System memory board - Second 
1 MB added to sockets. 1 MB added to sockets. Use 
the 1-MB Memory Upgrade the 1-MB Memory Upgrade 

Kit. 2 Kit. 


2-MB memory expansion board- 8-MB memory expansion board- 
First 1 MB soldered in. 3 First 4 MB is soldered in. 


Second 1 MB added to sockets Second 4 MB added to sockets 
on the 2-MB memory expansion on the 8-MB memory expansion 
board. Use the 1-MB Memory board. Use the 4-MB Memory 
Upgrade Kit. Upgrade Kit. 
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32-Bit Memory Board Jumpers 


Table 3-2 lists the jumper settings for the 32-bit System Memory Board. These 9-pin jumpers are on the system 
memory board, not the memory expansion boards. The 32-bit System Memory Board jumpers need to be modified to add a 
second 1 MB to the board or to install 16-bit Memory Expansion Boards as base memory. The 1-MB Memory Upgrade Kit 
should be used to add memory to the system memory board. 


Table 3-2. Jumper Settings for the 32-Bit System Memory Board 


Setting Description 
1&2 485 7&8 256K base, 1-MB extended memory disabled 
283 4&5 788 512K base, 1-MB extended memory disabled 
2&3 5&6 7&8 640K base, 1-MB extended memory disabled (standard) 
182 485 8&9 256K base, 1024K extended memory enabled 
2&3 485 8&9 512K base, 1024K extended memory enabled 
2&3 5&6 8&9 640K base, 1024K extended memory enabled 
Note: Parity errors may occur if jumper 8 & 9 is connected without memory installed in the second 1-MB bank of 
memory. 
WARNING 


Jumpers 3 &4 and 6 & 7 should never be connected. 
The system board will be damaged if they were connected. 
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Table 3-3 shows the jumper settings for the 1- to 2-MB and 4- to 8-MB 32-Bit Memory Expansion Boards. The jumper 
position must be changed when the second bank of memory is installed on the memory expansion boards. 


Table 3-3. Jumper Settings for 32-Bit Memory Expansion Boards 


Setting 1- to 2-MB Memory 4- to 8-MB Memory 
Expansion Board Expansion Board 

1&2 Second 1 MB of memory Second 4 MB of memory 
is enabled is enabled 

2&3 Second 1 MB of memory Second 4 MB of memory 
is disabled is disabled 


Note: Parity errors may occur if jumper 1 & 2 is connected without memory being 


installed in the second memory bank of a memory expansion boards. 


Static Column RAM Devices 


The nature of the static-column devices allows these 
to work well with memory paging, described 
previously. The static column devices have much 
faster access time in the paged mode. In this mode, 
the row address remains constant. 


The nature of the static-column devices precludes the 
use of standard 256K x 1 or 1-mb devices. It is 
highly recommended that COMPAQ-approved static column 
RAM devices be used to guarantee the successful 
operation of the memory boards. 


Table 3-4 lists the primary performance 
characteristics that differentiate these static 
column RAM devices from standard dynamic RAM devices 
used in most personal computer products. 


Table 3-4. RAM Device Specifications 


Parameter Maximum Time 
(In Nanoseconds) 
Access time from RAS 100 
Access time from CAS 25 
Access time from column address 50 
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16-Bit Memory Boards 


The user can add one or two 16-bit memory boards to a 
COMPAQ DESKPRO 386. These 0.5- to 2.0-MB boards can 
begin at 4-, 6-, 10-, or 12-MB boundaries. The 16- 
bit boards have jumpers to indicate the board's base 
address. Table 3-5 gives the jumper settings for each 
choice. No two boards should have the same base 
address. The user should not leave gaps in the 
memory space. The jumpers on each board must be 
correctly set. 


Table 3-5. 16-Bit Memory Boards 
Base Address 


Jumpers (In Megabytes) 
1&2 4&5 4 
1&2 5&6 6 
2&3 4&5 10 
2&3 5&6 12 


The user can add 16-bit memory boards from other 
manufacturers in the base memory area, but the same 
expansion can be obtained by using the 32-bit 
expansion memory without the otherwise significant 
loss in speed. 


Refer to a later section in this chapter entitled 
“Performance” for more information about the relative 
performance of 16-bit memory boards when compared to 
32-bit memory boards. 
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3.4 POWER-ON TESTING 


Because a stable memory system is vital to system 
operation, the RAM is tested early in the power-on 
self-test cycle. A serious error in the memory 
becomes a fatal error for the system. The RAM test 
uses 32-bit instructions to increase the speed of the 
memory test. Refer to Chapter 4, Software Aspects 
and BIOS, for specific power-on sequences. 


The parity checking is done the same way as that for 
a standard expansion board memory. Any parity error 
shows up as an I/0 check (parity check 2) with a 
testable bit (bit 6) on port 61h indicating the 
error. The system memory board uses special circuitry 
to test the RAM rapidly. Refer to Appendix A for 
descriptions of the error messages that appear for 
memory errors at power-up and during advanced 
diagnostics. 


3.5 PERFORMANCE 


The 32-bit memory of the COMPAQ DESKPRO 386 has been 
optimized for double-word (dword=32 bits) 
prefetching. This optimization reflects the 32-bit 
nature of the 80386 and the paged nature of the RAM. 
The following examples illustrate the access time 
difference between 32-bit and 8-/16-bit memory 
accesses. 
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32-Bit Memory Timing 


Figure 3-9 shows a typical memory cycle for 8-, 16-, and 32-bit memory. 
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Note that Figure 3-9 shows three CPU cycles for a 
O-wait-state 32-bit memory operation. The first of 
the three CPU cycles is shared with the last cycle of 
the previous CPU operation. Thus, the 0-wait-state 
operation takes effectively two CPU cycles to 
complete. During the first CPU cycle, the processor 
asserts the address and status signals for the 32-bit 
memory operation to begin. 


A memory access within the current 2-KB page (0-wait 
state) requires two CPU cycles, 125 ns. 


(16 MHz = 62.5 ns/cycle; two cycles (62.5 ns/cycle) = 
125-ns access time). 


A memory access outside the current 2-KB page 
requires four CPU cycles, 250 ns (four cycles 
62.5 ns/cycle = 250-ns access time). 


The average access time depends on the number of 
cycles executed at 0 and 2 wait-states. Since 
typically 60 percent of CPU memory cycles to 32-bit 
memory are executed with O-wait-states, the COMPAQ 
DESKPRO 386 provides an average memory access time of 
approximately 162.5 ns when using 32-bit memory. 


16-Bit Memory Timing 


Because any 16-bit memory by its very nature must be 
accessed across the expansion bus, the access time is 
limited by the number of CPU cycles required to 
access the bus. A typical double-word access via the 
8-bit bus must be serialized to perform four 
consecutive byte accesses using the 8-MHz clock rate 
of the expansion bus. Performing these operations 
via the 8-bit expansion bus takes forty-eight 16-MHz 
80386 cycles or 3 us as compared to 125 ns required 
to perform the equivalent 0-wait-state operation via 
the 32-bit bus. (Refer to Figure 3-9.) 


3.6 SCHEMATICS 


The remainder of this chapter shows the schematics 
for the 32-Bit System Memory Board, the 1-to 2-MB 
Memory Expansion Board, the 4- to 8-MB Memory 
Expansion Board, and the .5 to 2 MB 16-Bit Memory 
Expansion Board. The schematics are shown in Figures 
3-10 through 3-13, respectively. 
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NOTE: The header connectors 
are numbered to corespond 
with the conventional num- 
bering scheme of the mating 
unshrouded double row header 
posts. When mated, pin 1 of 
the connectors is on pin 4 
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Figure 3-12. 4- to 8- MB 32-Bit Memory Expansion Board (Page 1 of 7) 
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Figure 3-12. 4- to 8- MB 32-Bit Memory Expansion Board (Page 2 of 7) 
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Figure 3-12. 4- to 8- MB 32-Bit Memory Expansion Board (Page 4 of 7) 
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80386 SOFTWARE ASPECTS AND BIOS 


4.1 80386 PROGRAMMING 
CONSIDERATIONS 


The 80386 and the COMPAQ DESKPRO 386 offer unique 
features that can lead to performance levels beyond 
those attainable by applications developed for the 
16-bit architecture of the 80286. For applications 
designed for the 80286, the performance increase when 
executing those applications on a COMPAQ DESKPRO 386 
is typically 2 to 3 times greater than the 
performance of the application on an 8-MHz 80286 
system. Applications designed exclusively for the 32- 
bit architecture of the 80386 may reach a performance 
level much greater than that of an 8-MHz 80286-based 
system. 


In most cases, it is desirable for the same 
application to execute on 80286- as well as 80386- 
based products. In these cases, the most common 
approach is to optimize portions of the application 
that can most benefit from the features of the 80386. 
The optimized portion of the application would only 
be loaded when the application is executed on an 
80386-based system. 


To achieve the best performance on 80386-based 
products and retain the capability to execute on 
80286-based products, COMPAQ and Intel recommend 
using the processor identification routine described 
below. Using this routine, the microprocessor type 
can be identified at execution time by the 
application. Knowledge of the microprocessor type 
can be used to load the portions of the application 
that have been optimized for 80386-based products. 

It is important that the following routine be used as 
shown, to maintain compatibility with future products 
in the Intel microprocessor family. 
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Processor Identification Routine 
;CALLABLE FROM REAL MODE ONLY 


The following routine relies on Intel-approved code ENTRY: (none) 
that takes advantage of the documented behavior of ;EXIT: AX = processor type: 0086h if 8086 or 8088 
the high nibble of the flag word in the Real mode of ' 0286h if 80286 
the various processors. The MSB (bit 15) is always a ; 0386h if 80386 
1 on the 8086 and 8088 and a 0 on the 80286 and ;USED: AX 
80386. Bit 14 (NT flag) and bits 13 and 12 (IOPL bit ;STACK: 6 bytes 
field) are always 0 on the 80286, but can be set on cpu_type proc near d 
the 80386. pushf ; 
xor ax, ax ; 0000 into AX 
For future compatibility of this test, it is strongly push ax ; 
recommended that this specific instruction sequence popf ; Try to put that in flags 
be used. The exit codes can, of course, be changed pushf : 
to fit a particular need. pop ax ; Look at what really went 
; into flags 
and ax, 0F000h ; Mask off high flag bits 
cmp ax, 0F000h ; Q: Was high nibble all 
; ones? 
je is_86 ; Y: It's an 8086 (or 
‘ 8088) 
mov ax, 0F000h ; N: Try to set the high 
; bits 


push 
popf 
pushf 
pop 
and 
je 
js_386: 
mov 
jmp 
js_286: 
mov 
jmp 
is_86: 
mov 
ct_exit: 
popf 
ret 
cpu_type 


ax : 
: ...in the flags 

ax ; Look at actual flags 

ax, 0F000h ; Q: Any high bits set ? 

is_286 ; N: It's an 80286 


ax, 0386h > Y: It's an 80386 
short ct_exit; 

ax, 0286h ; It's an 80286 
short ct_exit; 


ax,0086h ; It's an 8086 or 8088 


; Restore original flags 
3 282 RETURN 2** 
endp 
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Key Software Features 


The following key features of the 80386 and 
COMPAQ DESKPRO 386 reflect the areas of greatest 
interest to software developers: 


1. The 80386 offers a 32-bit instruction set based on 
32-bit internal registers and addressing modes. 
To take full advantage of this instruction set, 
the system should be operated in Protected mode 
using the native 32-bit code. In this mode, the 
code segment of the application can be defined to 
be a 32-bit code segment in which all instruction 
arguments and addressing modes are implicitly 
assumed to be 32-bit values. Using the 32-bit 
instruction set can yield performance levels 
beyond those of applications developed using 16- 
bit instructions. 


A typical example of 32-bit register usage is a 
64-bit multiply operation. Using two 32-bit 
registers per 64-bit value, the 80386 can perform 
the multiplication approximately ten times faster 
than the equivalent operation on the 80286 using 
values stored in memory. Another example of 80386 
instruction optimization is the usage of the 
Shift-Right-Double (SHRD) instruction to perform 
bit string move operations required in BitBlt (bit 
block transfer) graphic operations. Using SHRD 
instead of the shift and move operations available 
on the 80286 can yield BitBlt operations that are 
approximately 13 times faster on the 80386. 


a 
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These 32-bit instructions are also available in 
the Real mode of the 80386. In Real mode, 
however, 32-bit instructions must be explicitly 
declared using a prefix code preceding the object 
code for the instruction. Adding these prefixes 
reduces the potential performance increase and 
code savings that would normally be achieved when 
using 32-bit instructions in Protected mode. 


. The 80386 Protected mode offers the ability to 


create code and data segments with up to 4 GB of 
linear address space. For large applications, 
this capability removes the 64-KB segment limit 
imposed on applications by the 80286. The large 
linear address space of the 80386 allows 
applications traditionally resident on 
minicomputers with large linear addresses to be 
implemented on the COMPAQ DESKPRO 386. 


The integrated memory management unit of the 80386 
provides memory paging functions. These functions 
can be used in the Protected and Virtual modes to 
implement demand paging functions commonly used in 
complex applications and operating systems. The 
demand paging functions typically result in a much 
more effective use of the amount of physical 
memory installed in the system. 


4. The Virtual mode of the 80386 allows applications 


developed for the Real mode of the 80286 to be 
executed within the privilege levels defined by 
the Protected mode. The 80386 allows execution of 
Real mode applications without ever entering Real 
mode (as is done in the 80286). By not entering 
the Real mode, the 80386 retains the memory 
protection benefits of the Protected mode. The 
Virtual mode functions, as well as the memory 
paging described above, are essential to the 
implementation of the COMPAQ Expanded Memory 
Manager (CEMM). (See the section entitled "COMPAQ 
Expanded Memory Manager” later in this chapter for 
more information. ) 


. The memory paging architecture of the COMPAQ 


DESKPRO 386 performs best for applications 
containing key routines that are highly localized, 
such as graphic drivers. Consecutive memory 
operations within the same 2-KB physical page are 
performed with 0 wait states. Note that this 
memory paging refers to the hardware architecture 
of the COMPAQ DESKPRO 386 memory subsystem and not 
the 80386 Protected mode paging functions. 


6. In addition to the fast access rate of the COMPAQ 
disk drives (less than 30 ms for the 40-MB drive, 
less than 25 ms for the 130-MB drive), 1:2 
interleaving is used on the 40-MB drive to maximize 
performance of those applications performing 
multisector read or write operations. The 130-MB 
drive uses a 1:3 interleave factor. The 10 mb/s 
transfer rate of the 130-MB ESDI drive offers 
unequaled performance in personal computer products. 
These characteristics make the COMPAQ DESKPRO 386 
particularly suitable for high-performance file 
server applications. 


Software Compatibility 


The 80386 and COMPAQ DESKPRO 386 have been designed 
to provide maximum performance in a personal computer 
while retaining compatibility with software products 
developed for 80286-based systems. Software 
developed for one of the microprocessors in the Intel 
family normally executes without any modifications on 
the others. Following a few software development 
conventions and guidelines will ensure that a 
software product developed for one Intel 80xx 
microprocessor will work in other high-performance 
Intel 80xxx microprocessor-based systems. 


When developing software products or development 
tools, following a few generally accepted programming 
guidelines ensures the upward migration to higher 
performance systems. These guidelines are as 
follows: 
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Certain registers are unique or reserved to a 
specific microprocessor in the Intel family. 
Follow the Intel recommendations for the use of 
these registers and data structures. Typically, 
indiscriminate use of unique or reserved areas in 
the microprocessor will prevent compatibility with 
other microprocessors in the Intel family. For 
example, relying on the value pushed on the stack 
by the PUSH SP instruction on 8088- or 8086-based 
systems would prevent a software product from 
running on 80286-based systems. Also, using the 
reserved areas in the 80286 segment descriptors 
will prevent a software product from executing on 
a 80386. The reserved areas on the 80286 segment 
descriptors are used by the 80386 for extended 
addressing and other functional enhancements. See 
the appropriate Intel documentation for additional 
software compatibility recommendations. 


Avoid any use, implicit or explicit, of the values 
of flags or registers that are declared Undefined 
in the Intel documentation. The value contained 
by undefined flags or registers will vary from one 
microprocessor to another under similar 
conditions. For example, the MUL (multiply) 
instruction as described in the Intel 80286 
Programmer's Reference Manual indicates that the 
Zero flag is undefined upon completion of an 
unsigned multiply operation. Relying on the value 
of the Zero flag after a multiply operation could 
prevent a package from executing correctly across 
the Intel family of microprocessors. 


- 
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3. When interfacing with I/0 devices in high- 


performance products such as COMPAQ DESKPRO 386, 
be aware that the minimum time between consecutive 
I/0 accesses as specified by the I/0 device may be 
exceeded. This circumstance results from the 
increased execution speed of I/0 operations in 
high-performance 80286- or 80386-based products. 
It typically occurs when performing consecutive 
1/0 read or write operations to the same I/0 
device. Use JMP $+2 to add delay between I/0 
accesses for devices with minimum time between 
accesses of less than 1 us. Typical I/0 devices 
in this category include the Intel DMA controller 
(8237), the Intel interrupt controller (8259A) and 
the Intel programmable interval timers (8254). 

For slower 1/0 devices, such as the keyboard and 
diskette controllers, use the ready/busy protocols 
provided by those controllers. 


It is important not to use NOP (No Operation 
instruction) for delay between consecutive I/0 
operations to a device. JMP $+2 is much more 
effective because it discards the contents of the 
prefetch queue. A typical JMP $+2 adds 
approximately a 1- to 2-us delay. A typical NOP 
adds approximately a 190- to 250-ns delay. 


4. Avoid developing software that is dependent on the 


speed of program execution for timing operations. 
A large variation of execution speeds exists 
between 8088-, 8086-, 80286- and 80386-based 
products. This variation is likely to prevent 
software dependent on program execution speed from 
functioning properly on some systems. The system 
timer (Intel 8254 at I/0 address 40h, Timer 0) 
provides a clock frequency that is common among 
all industry-standard personal computer products. 
This timer, with its readable time registers and 
interrupt capability, should be used for software 
timing functions. Using the timer ensures that 
the timing source remains constant among all 
compatible personal computer products. 


The system timer is driven by a 1.19318-MHz clock 
and is programmed to generate interrupts at a 
frequency of 18.20678 Hz (approximately every 
54.92 ms). When performing timing functions in 
the hundreds of milliseconds, the system timer 
interrupt should be used. When performing timing 
functions in the microsecond range, the values of 
the system timer counter registers can provide a 
time resolution of 838 ns per timer count. (Note 
that the system timer counter registers decrement 
by 2.) By reading the system timer counter 
registers, the elapsed number of timer counts can 
be calculated, thus deriving the elapsed time 
between the events. 
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For example, for a delay of approximately 10 us, 
the system timer counter value can be read until 
12 timer counts have elapsed (a counter value 
difference of 24). Twelve system timer counts 
correspond to approximately 10.05 us (12 counts x 
0.838 us/count = 10.05 us). 


80386 Programming Anomalies 


The following anomalies are found in the Bl step of 
the Intel 80386 microprocessor. Software developed 
to run on the 80386 microprocessor should avoid these 
anomalies by following the guidelines suggested 
below. Table 4-1 summarizes the anomalies and the 
types of software they typically affect. 
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Table 4-1. Summary of 80386 Anomalies 


Anomaly Typically Affects 

1.  Opcode field incorrect for FSAVE and Real or Virtual mode 
FSTENV 80287 instructions. 80287 applications. 

2. FSAVE, FRESTOR, FSTENV and FLDENV Does not affect typical 
80287 instructions anomalies with applications or operating 
paging enabled. systems. 

3. Wraparound 80287 coprocessor operands. Protected mode 80287 

applications. 

4. IRET to TSS with limit too small. Protected mode operating 

systems. 

5. Single stepping first iteration of 80386 debuggers. 


REP MOVS instructions. 


pi ENE SEE ee es ee eS eee EE 


6. Task switch to Virtual mode does not Virtual mode 80386 operating 
update prefetch limit. systems that enable paging. 

7. Wrong register size for string 80386 operating systems compilers and 
instructions in mixed 16-/32-bit applications using 16- and 32-bit 
addressing systems. mixed addressing. 

8. Far jump located near page boundary Virtual mode 80386 operating 
in Virtual mode with paging enabled. systems. 

9. Page fault error code on stack not Protected mode 80386 operating 
reliable. systems that enable paging. 

10. I/0 addresses above 1000h incorrect Protected mode 80386 operating 
when paging is enabled. systems that enable paging. 

11. Wrong CX or ECX update by REP INS Real and Protected mode 
instructions. applications and device drivers. 


(Continued) 
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Table 4-1. Summary of 80386 Anomalies (Concluded) 


Anomaly Typically Affects 

12. HOLD input during interlevel IRET when Protected mode 80386 operating 
paging enabled. systems that enable paging. 

13. Load selection limit (LSL) instruction Protected mode operating systems 
followed by stack operation. and applications. 

14. PE bit visible in Virtual mode. Dual mode applications. 

15. Reload the Global Descriptor Table Protected mode operating system. 


Registor (GDTR). 
16. Setting IOPL and NT bits in Real Mode. Dual mode operating systems or applications. 
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: P tae FSTENV (BX) ; Save environment 
Terao the detailed description of the MoV CX, (BX4#8) Get linear IPtgei6> 
; AND CX, OFO0h ; Treat it like a 
1. Opcode Field Incorrect for FSAVE and FSTENV selector 
Instructions MOV SI, (BX+6) ; Get linear IP<15:0> 
MOV FS,CX ; Establish 
Problem: addressability 
If an FSAVE or an FSTENV is executed in Real mode MOV CX,FS:(SI) ; Get raw opcode value 
or in Virtual mode, the opcode field stored in XCHG CH,CL ; Swap bytes and 
memory is incorrect if it should have referred to AND CX,7FFh ; mast out top bits 
a coprocessor instruction which transfers either ;CX now has the opcode -- store back if needed 
two bytes or ten bytes from memory to the MOV SI, (BX+8) ; Get opcode word 
coprocessor. The instruction and operand linear AND ST, 0F800h ; Mask out the bad 
address fields are correctly stored. Note that OR SI,CX ; Mask out the good 
coprocessor error-handling routines are not MOV (BX+8) ,SI ; and store back 
affected, since the opcode field is correct when 
an 80287 fault occurs on a COMPAQ DESKPRO 386. The opcode saved within the FSAVE and FSTENV operand 
Also note that the problem does not occur in is in the following format: 
Protected mode programs (since no opcode is saved 
by FSAVE or FSTENV in that case). 10 -9'-8 7 6 5 7453° 2 1 0 
Workaround: 


In Real mode or in Virtual mode, the instruction 


linear address field can be used to read the Modified Real 


opcode from memory. Note that the two bytes Mode byte 

fetched need to be swapped to yield the image 

that FSAVE and FSTENV normally stores. The 

following is a possible fixup sequence. Lower three 
bits of ESC 
byte 


FSAVE, FRESTOR, FSTENV and FLDENV Instruction 
Anomalies with Paging enabled 


Problem: 


If either of the last two bytes of an FSAVE or an 
FSTENV operand are for any reason not writeable, 
or either of the last two bytes of an FRESTOR or 
FLDENV instruction are for any reason not 
readable, the instruction is not restartable. 


Workaround: 


This does not affect typical systems with typical 
assignment of page access rights. In an obscure 
situation where this problem arises, a workaround 
is to avoid having the operand of these 
instructions span a page boundary. This can be 
accomplished by aligning these operands on any 
128-byte boundary. 


Wraparound 80287 Coprocessor Operands 
Problem: 


This can affect only situations where a 
coprocessor operand straddles the limit of a 
segment of maximum size (that is OFFFFh for a 16- 
bit segment or OFFFFFFFFh for a 32-bit segment) 
or within 108 bytes of maximum size, thus 
wrapping around to offset 0 of the segment. 

Since a wraparound situation is very abnormal for 
a compiler or programmer to create, this does not 
affect a typical system. 
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The 80386 architecture does not permit an operand 
(coprocessor operands included) to wrap around 
the end of a segment. If the user issues such an 
instruction in a Protected Mode system, and the 
operand starts and ends in valid, present pages 
of a segment, BUT spans through an invalid or 
inaccessible page, the coprocessor may be put in 
an indeterminate state. In such cases, an FCLEX 
or FINIT instruction needs to be executed before 
any other coprocessor instruction is issued. 


Workaround: 


In Real mode, this is not a problem since 
protection is not enabled. In Protected mode, 
this problem is avoided simply by not creating 
coprocessor operands which wrap around the end of 
the segment, or by aligning the base of all 
segments on page boundaries. 


IRET to Task State Segment (TSS) with Limit too 
Smal] 


Problem: 


If an IRET instruction performs a task switch to 
a TSS of proper descriptor type but invalid (too 
small) limit, a Double Fault (exception 8) wil] 
result instead of a Invalid TSS Fault (exception 
10) as should result. Furthermore, if the Double 
Fault entry in the (IDT) is a trap gate, a 
shutdown results. In a related topic, if the TSS 
Fault entry in the IDT is invalid for any reason 
(for example, bad AR byte), then instead of a 
Double Fault (exception 8), a shutdown results. 


I LLU 
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Workaround: 


A working system, one that creates TSS segments 
of adequate size to hold the processor state (44 
bytes for the TSS of a 16-bit task, 104 bytes for 
the TSS of a 32-bit task), will not encounter any 
problems here. A working system should also 
provide a valid gate (interrupt, trap, or task 
gate) in the IDT for exception 8. 


Single-Stepping First Iteration of REP MOVS 
Instruction 


Problem: 


If a Repeated MOVS (REP MOVS) instruction is 
executed when single-stepping is enabled (TF = 1 
in EFLAGS register), a single-step trap 
(exception 1) is taken every two move steps, but 
should occur each move step. Also, if a data 
breakpoint is hit during a odd iteration number 
of REP MOVS, the data breakpoint trap is not 
taken until after the next even numbered 
iteration. If the REP MOVS instruction ends with 
an odd number of iterations, and single-stepping 
or data breakpoints are enabled, then a single- 
step trap or data breakpoint trap on the final 
iteration will properly occur after the final, 
odd-numbered iteration. 


Workaround: 


When using the Trap Flag or data breakpoints with 
a debugger utility, this minor variation of REP 
MOVS instruction must be accepted, unless an 
effort is made to have the debugger emulate the 
REP MOVS instruction rather than actually execute 
Tbs 

Task Switch to Virtual Mode Doesn't Update 
Prefetch Limit 


Problem: 


When a task switch to Virtual mode is performed, 
the prefetch limit is not updated to become 
OFFFFh, but instead remains at its previous 
value. 


Workaround: 


Use the IRET instruction to transfer to Virtual 
Mode. Using the IRET instruction is the 
preferred method for most instances, especially 
when the master operating system dispatches a 
Virtual Mode program, because IRET can cause the 
transition without a task switch. 


Wrong Register Size for String Instructions in 
Mixed 16-/32-bit Addressing Systems 


Problem: 


If certain string and loop instructions are 
followed by instructions that either: 


1) use a different address size (that is, if 


either the string instruction or the 
following instruction uses an address size 
prefix), or 


2) reference the stack (e.g. PUSH/POP/CALL/RET) 
and the "B' bit in the SS descriptor is 
different from the address size used by the 
string instructions, 


then one or more of (E)CX, (E)SI, or (E)DI 
registers is not updated properly. The size of 
the register (16 vs. 32) is taken from the 
following instruction rather than from the string 
or loop instruction. This could result in 
updating only the lower 16 bits of a 32-bit 
register, or in updating all 32 bits of a 
register being used as 16 bits. The instructions 
and registers affected by this are listed below: 


ow ) 
)DI 


Instruction R 
MOVS (E 
REP MOVS (E)SI 
STOS (E)DI 
INS (E)DI 
REP INS (E)CX 
Workaround: 


No workaround is necessary if all code is 16-bit 
or if all code is 32-bit. The problem only 
occurs if instructions with different address 
sizes are mixed together, or if a code segment of 
one size is used with a stack segment of the 
other size. 


OT 
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tsa 


In a system which mixes addres sizes, add a NOP 
instruction after each of the above instructions 
and ensure that the NOP has the same address size 
as the string/loop. For example, if the 
string/loop instruction includes an address 
prefix, place the same address prefix before the 
NOP; conversely, if the string/loop instruction 
does not have an address prefix, do not place a 
prefix before the NOP. 


FAR Jump Located Near Page Boundary in Virtual 
Mode with Paging Enabled 


Problem: 


In Virtual Mode, if a direct FAR jump (EAh) 
instruction is located at the end of a page (or 
within 16 bytes of the end), and the next page is 
not cached in the TLB, the prefetcher limit is 
not set by the FAR jump instruction to the "end" 
on the new code segment, but rather is left at 
the "end" of the old code segment. This can 
allow execution beyond the end of the new segment 
without triggering a segment limit violation. Or 
it can result in a spurious GP fault if the old 
and new segments overlap, and a prefetch occurs 
beyond the limit of the old segment. 


Note that the prefetch limit is checked on the 
linear address, not by comparing IP to OFFFFh. 
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Workaround: 


All existing 8088/8086 programs use only 16-bit 
addressing, and thus will not execute code at 
offsets greater than OFFFFh from the code segment 
base. Thus the lack of detection of executing 
past the end of a code segment should not impact 
working 8088/8086 programs. 


A workaround to the spurious GP fault, if it 
occurs, is to simply IRET back to the faulting 
instruction, since the IRET will correctly set 
the prefetch limit. If the fault handler has 
control of the single-step function, avery simple 
workaround is to attempt to single-step the 
faulting instruction. If the single-step 
succeeded, the handler could clear the fault, 
turn off single-stepping, and IRET. If a GP 
fault occurred attempting to single-step the 
instruction, a "real" GP fault is the cause. 


If the fault handler cannot access the single- 
stepping function, it still can check for "real" 
GP faults which must be emulated by the master 
operating system, for example, I/0 instructions 
that need to be emulated, CLI/STI instructions 
that must be emulated, etc. If none of these 
faults are recognized, the fault handler can 
assume this errata caused the GP fault and simply 
IRET back to the instruction. 


10. 


Page Fault Error Code on Stack Not Reliable 
Problem: 


When a Page Fault (exception 14) occurs, the 3 
defined bit in the error code may be unreliable 
if a certain sequence of prefetch is happening at 
the same time. 


Workaround: 


Although the page fault error code pushed onto 
the page fault handler's stack can be unreliable, 
as described, the page fault linear address 
stored in register CR2 is always correct. The 
page fault handler should refer to the page fault 
linear address in CR2 to access the corresponding 
page table entry and thereby determine whether 
the page fault was due to a page “not present” 
condition, or to a usage violation. 


I/0 Addresses Above 1000h Incorrect When Paging 
Is Enabled 


Problem: 


When Paging is enabled, accessing I/0 addresses 
in the range 00001000h-O000FFFFh (4K through 64K- 
1) or accessing coprocessor ports (1/0 addresses 
800000F8h-800000FFh) as a result of executing 
coprocessor opcodes, can generate incorrect I/0 
addresses if paging is enabled and the 
corresponding linear memory address is marked 
“present”. 


Workaround 


Unless paging is used, this item is not a 
problem. If paging is used but all I/0 ports are 
below 00001000h, then I/0 is no problem. 


If paging is used and I/0 ports exist in the 
range 00001000h-0000FFFFh, then either have the 
memory pages at those linear addresses marked 
"not present” (to avoid having those pages table 
entries cached in the Translation Lookside Buffer 
(TLB), or if "present," have those pages mapped 
such that bits <12..15> of the physical address 
equal bits <12..15> of the linear address. 
Alternatively, re-assign any I/0 ports in the 
range 00001000h-Q000FFFFh to below 00001000h. 


If paging is used and the coprocessor is also 
used, then have the memory page at linear address 
80000xxxh either marked “not present" (to avoid 
having that page table entry cached in the TLB), 
or if "present", have the page mapped such that 
bit 31 (the most significant bit) of that page's 
physical address is a l. 
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11. Wrong CX or ECX Update by REP INS Instruction 


Problem: 


The ECX register (or CX in case of 16-bit 
operations) is not updated properly in the case 
of a REP INS instruction (INPut string 
instruction with any REPeat prefix) that is 
followed by an early-start instruction (e.g. 
PUSH, POP or memory reference instructions). 
After any REP-prefixed instruction, ECX is 
supposed to be 0 (null). But in this case of a 
REP INS instruction, ECX is not updated correctly 
and is OFFFFFFFFh (or CX is OFFFFh in case of 16- 
bit operations). It should be noted that the REP 
INS executes the correct number of iterations and 
EDI noted that the REP INS executes the correct 
number of iterations and EDI (or DI) is updated 
properly. 

Workaround: 

After a REP INS instruction, do not rely on ECX 
(or CX) being zero. Hence, a new count (if any) 


should be MOVed into ECX, rather than being ADDed 
into ECX. 


ET 
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HOLD Input During Interlevel IRET when Paging is 
Enabled 


Problem: 


Under specific situations involving paging and 
the page privilege bits, the HOLD input, and a 
RET or IRET instruction performing an inter-level 
return to level 3, a problem can develop. 


The first situation, when the inner level stack 
(levels 0, 1, and 2) is not dword aligned (or not 
word aligned in the case of a 16-bit (I)RET), 
requires that several conditions occur 
simultaneously: 


1) Paging must be enabled, and the page table 
and directory entries for the inner level 
code must be marked as supervisor access 
only. 


2) The software must execute an inter-level RET 
or IRET to a Protected Mode program at 
privilege level 3. An inter-level IRET to 
Virtual Mode does not exhibit this 
problem. An inter-level RET or IRET to level 
1 or 2 does not exhibit this problem. 


3) The inner level stack must be unaligned to a 
dword boundary (word boundary for a 16-bit 
(I)RET). 


When the first situation occurs, a page fault 
(exception 14) occurs spuriously, indicating a 
page level protection violation during a “user” 
level read of the inner level stack. 


The second situation, whether or not the inner 
level stack is dword aligned (or word aligned in 
the case of a 16-bit (I)RET, also requires that 
several conditions occur simultaneously: 


1) The bus HOLD input is asserted during the 
read cycle which pops ESP (or SP) off the 
inner stack as a result of a RET or IRET 
instruction. 


2) The software must execute an inter-level RET 
or IRET instruction to a Protected Mode 
program at privileged level 3. An inter 
-level IRET to Virtual Mode does not 
exhibit this problem. An inter-level RET or 
IRET to level 1 or 2 does not exhibit this 
problem. 


When the second situation occurs, the processor 
may read the ESP (or SP) incorrectly. A 
protection violation (exception 12 or 14) may 
therefore result spuriously when access to the 
stack is later attempted. 


Workaround: 


It is recommended that the inner level stacks be 
dword-aligned. To avoid the first situation, 
align the inner level stacks on dword boundaries 
and also mark the pages which contain the inner 
level stacks to permit user read access. 


13. 


14. 


Load Selector Limit (LSL) Instruction Followed by 15. 


Stack Write Operation 
Problem: 


The incorrect SP value is used for stack 
operations (PUSH, CALL, etc.) immediately 
following an LSL instruction. 


Workaround: 


To avoid this problem , LSL instructions should 
be immediately followed by a NOP instruction. 


PE Bit Visible in Virtual Mode 
Problem: 


In the Virtual mode, the value of the protection 


enabled (PE) bit in the machine status word (MSW) 16. 


can be read using the SMSW instruction. The PE 
bit is always read as 0 in the Real mode. 
Software that depends on the PE bit to determine 
the mode of operation (0 = Read Mode, 1 = 
Protected Mode) will obtain inconsistent 
information when executing in Virtual mode. In 
Virtual mode the PE bit is always 1. Real mode 
software executing in Virtual mode would expect 
the PE bit to be 0. 


Workaround: 


Dual-mode should not use the PE bit to determine 
operating mode. 


Software Aspects and BIOS 4-17 


Reload of the Global Descriptor Table Register 
(GDTR). 


Problem: 


Software entering the Protected mode from the 
Real mode should load the Global Descriptor Table 
Register each time it re-enters the Protected 
mode. No assumptions about the previous GDTR 
values should be made when entering the Protected 
mode. 


Workaround: 


Software entering the Protected mode should load 
the GDT register each time it enters the 
Protected mode. 


Setting IOPL and NT Bits In Real Mode 
Problem: 


In the 80386 Real mode, the IOPL (I/0 Privilege 
Level) and NT (Nested Task) bits can be set and 
read. If the NT bit is set in Protected mode, 
the first IRET instruction executed will generate 
a fault when trying to return to a non-existent 
nested task. 


Workaround: 


Care should be taken to ensure that the NT bit 
value is 0 when entering Protected mode. 
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COMPAQ DESKPRO 386 System Speed 
Control 


The COMPAQ DESKPRO 386 system speed control has been 
designed to maintain compatibility with existing 
software programs that depend on the program 
execution speed for critical timing functions. Many 
programs that perform timing based on the speed of 
the CPU are copy protection programs that are 
included in several major application programs. The 
COMPAQ DESKPRO 386 provides a method to simulate the 
speed of program execution of other computer 
products. Thus, the COMPAQ DESKPRO 386 is able to 
execute these programs without any modifications to 
the program and, most importantly, without any change 
in the user's installation or operational procedures. 


The system speed is controlled by extending refresh 
cycles to reduce the amount of time the CPU is 
executing. While the refresh cycle is extended, the 
CPU is kept in a HOLD state. The 80386 waits until 
the completion of the refresh cycle to resume 
execution. As the refresh cycle is lengthened from 
its normal period, the CPU has less time available 
for execution which produces the slower, overall 
program execution speed. This method of reducing the 
overall system speed is preferable to other methods, 
such as adding memory wait states, because it does 
not affect the bus bandwidth or latency for DMA and 
other bus master operations. Chapter 2 describes in 
more detail the hardware aspects of the system speed 
control. 


In order to reduce the system speed, an interval 
timer (Intel 8254 at 1/0 address 48h, timer 2) is 
used in one-shot mode to produce a variable length 
signal. This signal is synchronized with the refresh 
requests to lengthen the refresh time. The length of 
the one-shot signal depends on the value used to 
program the interval timer counter. The DESKPRO 386 
provides a BIOS function to set the interval timer to 
the appropriate values (1 to 50) for simulation of 
the speed of various computer products. In addition, 
the MS-DOS MODE command can also be used to alter 
the simulated system speed. Table 4-2 shows the MODE 
command parameters and BIOS speed parameters for 
popular computer products. Refer to the BIOS section 
in this chapter for more details on the INT 16h BIOS 
functions provided for system speed control. 
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Table 4-2. MODE Command Parameters One additional benefit of the system speed control 
System Speed BIOS feature concerns action games developed for 8088- 
Simulated MODE Command Speed Value based products. The speed control means that these 
Decimal Hex games can be executed on a COMPAQ DESKPRO 386 at 
8088-based PC MODE SPEED-03.. ~~ 03.~~~~~(03h) realistic speeds. Many of these games cannot be 


played on 80286-based products because of the 
ne increased speed of the action on the screen. By 
MODE SPEED=16 16 (10h) setting the COMPAQ DESKPRO 386 system speed to 
8-MHz 80286 MODE * simulate the speed of an 8088-based product, these 
i ane Seco FReit games can be played at their normal speed. Many of 


6-MHz 80286 MODE SPEED=COMMON 


~~ the games require that the user boot from the game 
BODE SPneves se (12h) diskette. The COMPAQ DESKPRO 386 accommodates this 
16-MHz 80386 MODE SPEED=HIGH requirement by allowing the user to restart the 
oF system (using Ctrl-Alt-Del) without affecting the 
MODE SPEED=50 50 (32h) selected system speed. To execute a game written for 
Notes: 1. Speed parameters in the MODE command appear the 8088-based personal computer speed, the user can 
as decimal values. When using the BIOS select the COMPAQ MS-DOS command MODE SPEED = 03 and 
functions, these values should be converted then restart the system using Ctr1-Alt-Del. The 
to their hexadecimal equivalents. system remains at that system speed until a power-on 
2. The BIOS speed supports values ranging from reset occurs or until the system speed is explicitly 
1 to 50. The function values in this table changed by the user. 


reflect those values used to simulate the 


speed of 8088- and 80286-based products. 


EE 
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AUTO Speed 


To provide maximum compatibility with existing 
products in a manner transparent to the user, the 
AUTO speed is provided. In AUTO speed, the system 
operates at the fastest speed possible (the HIGH 
speed) and automatically switches to the simulated 
8-MHz 80286 speed (the FAST speed) when diskette 
access occurs. Because the relatively slow speed of 
the diskette drive system is the limiting factor on 
the system performance, reducing the system speed 
does not significantly affect the performance of the 
application. When the diskette operations complete, 
the system resumes execution at the HIGH speed. This 
feature allows the COMPAQ DESKPRO 386 to execute many 
of the major programs that contain copy protection 
timing in a manner compatible with what users expect 
on 80286-based products. 


COMPAQ Expanded Memory Manager 


The COMPAQ Expanded Memory Manager (CEMM) illustrates 
how the unique features of the 80386 can be used to 
enhance the functions of personal computers beyond 
those possible on 80286-based systems. CEMM uses the 
paging features of the 80386 in Virtual mode to 
create an emulation of the Lotus-Intel-Microsoft 
(LIM) expanded memory using the 32-bit COMPAQ 

DESKPRO 386 extended memory. That is, without having 
to purchase additional expansion boards, CEMM offers 
256-KB of LIM expanded memory with the standard 
COMPAQ DESKPRO 386 configuration. The amount of 
expansion memory can be increased up to the 8-MB 
limit allowed by the LIM standard by adding memory 
beyond the 1-MB address (100000h). Using 32-bit 
memory for expansion memory yields a significant 
performance improvement to applications that support 
the LIM standard. (Refer to Chapter 3, Memory, for 
specific CEMM configurations. ) 


CEMM is implemented as an MS-DOS device driver. The 
driver is loaded with the CONFIG.SYS initialization 
process during the DOS load procedure. The CEMM 
command in the CONFIG.SYS file can specify: 


= The amount of memory to be used for LIM expansion 


=™ The address of the LIM page frame 


An additional argument is provided to enable or 
disable the CEMM driver during execution of 
applications, after the device driver has been loaded 
and initialized. A typical CONFIG.SYS command to 
load the CEMM driver appears below. 


DEVICE=CEMM.EXE 256 M5 AUTO 


The memory size argument specifies the amount of 
expansion memory to be allocated for CEMM use. In 
this manner, memory can be partitioned so that MS-DOS 
CEMM and VDISK utilities can use different portions 
of the available extended memory. CEMM and VDISK 
allocate memory at the next available memory 
partition. If no extended memory has been 
allocated, CEMM and VDISK allocate memory from the 
256 KB of COMPAQ Built-in Memory available with the 
standard product configuration starting at address 
FA0000h. Once this area of memory is fully 
allocated, extended memory is allocated starting at 
address 100000h. From the user's point of view, the 
memory allocation occurs transparently and all 
extended memory is perceived as LIM expansion or 
VDISK memory. 


When the CEMM driver is loaded, a small portion of 
the driver resides in the 0- to 640-KB base memory. 
The larger portion of the driver is loaded into the 
128-KB RAM area reserved for COMPAQ use. This area 
begins at address FE0000h and is also used for 
mapping the ROMs into 32-bit RAM. Many of the 
internal variables used by CEMM and VDISK are also 
maintained in this area. 
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The address of the LIM page frame can be specified to 
locate the page frame at an available address 
location in the first 1 MB of the address space. The 
page frame is the 64-KB address space through which 
expanded memory is accessed by applications. The 
page frame base addresses are specified by the 
arguments described in Table 4-3. The page frame 
address recommended is M5 (address 0D0000h). 


Table 4-3. Page Frame Address Selection 
Argument Address (hex) 


M1 0C0000 
M2 0C4000 
M3 0C8000 
M4 0CC000 
M5 0D0000 
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The CEMM driver, when active, operates in the Virtual 
mode of the 80386. The Virtual mode allows the 
driver to have access to the 80386 memory paging 
functions on which its memory mapping operations are 
based. When an application is executing in the 
Virtual mode, the system overhead required to handle 
interrupts increases. The increase results from the 
time required for the processor to switch between the 
Protected mode and the Virtual mode. This switching 
causes programs executing in the Virtual mode to 
execute at a slightly slower speed (approximately 5%) 
compared with their execution speed in the Real mode. 
By disabling the CEMM driver during execution of 
applications that do not use the LIM expansion 
memory, the applications can be executed in Real mode 
for maximum performance. The driver can be enabled 
or disabled by using the ON and OFF arguments, 
respectively. When the AUTO argument is specified, 
CEMM automatically returns to Real mode when LIM 
expansion memory is not in use. When expansion 
memory is allocated via the CEMM driver, CEMM 
automatically returns to Virtual mode to take 
advantage of the 80386 paging functions. The CEMM 
driver can be enabled or disabled from the MS-DOS 
command line using the following syntax: 


CEMM (ON;OFF)AUTO) 


This feature is provided because some applications 
may conflict with CEMM execution. For example 
applications that use the Protected mode of the 80386 
may conflict with concurrent usage of the expanded 
memory provided by CEMM. When one of these 
applications is executed, CEMM displays a "Privileged 
Operation Error”. The user has the choice then of 
restarting the unit or continuing execution of the 
application by disabling CEMM operations. Once the 
application completes executing, CEMM can be re- 
enabled by entering the MS-DOS command CEMM AUTO. 


Power-on System Initialization 


The 80386 CPU is reset when power is turned on. The 
system can also be restarted by pressing the Ctrl, 
Alt, and Del keys at the same time. Upon reset, the 
system begins execution starting at the reset address 
FFFFFOh. This address corresponds to the entry point 
of the power-on system initialization code in the 
system ROM. 


The system initialization begins immediately upon 
entry to the system ROM via the power-on reset vector 
at address OFFFFOh. The initialization is 
responsible for performing the power-on self-tests, 
initializing all the standard I/0 components in the 
system, testing RAM, and initializing the BIOS 
variables in RAM. The primary difference in the 
system initialization procedure between a power-up 
reset and a system restart (Ctr1-Alt-Del) is that the 
RAM is tested only during the power-up reset 
initialization sequence. Also, during the system 
restart, the currently defined system speed is 
retained. 


The system initialization procedure begins with the 
initialization of all programmable I/O devices in the 
system. These include the: 


= Interrupt controllers (Intel 8259A) 
= DMA controllers (Intel 8237) 

® Keyboard controller (Intel 8042) 

= Video display controller 

= Interval timers (Intel 8254) 

= Floppy disk controller 

= Serial port controller 

= Parallel printer adapter 


= Fixed disk controller 
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The initialization of the memory subsystem begins 
with a test of the ROM and RAM areas to detect any 
malfunctioning memory devices. The ROMs are tested 
via a checksum method. The ROM test must be 
successful for the power-up initialization sequence 
to continue. If a ROM checksum error occurs, the 
power-up initialization stops and a system board 
failure is displayed. 


The RAM is tested by ensuring that the first 128 KB 
of base memory are fully operational. These first 
128 KB are essential to the remaining power-on 
initialization sequence for use as stack and for 
storage of variables. The 128 KB starting at address 
FEQ000h must also be operational for the 
initialization procedure to proceed. This RAM area 
is used to map the system ROM contents to high-speed 
32-bit RAM. Once these RAM areas have been verified 
to operate properly, the initialization procedure 
continues by testing the rest of the base and 
extended RAM in the system. 


In order to expedite the power-on RAM test, the 
memory diagnostics register on the system memory 
board is interrogated to determine the amount of 32- 
bit memory installed in the system. (Refer to 
Chapter 3, Memory, for register details.) The 32-bit 
memory installed is then tested using 32-bit 
read/write operations, thus significantly reducing 
the time required to test RAM. If a parity error is 


oo 
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encountered while testing the 32-bit RAM, the memory 
diagnostics register is used to determine the exact 
byte in the 32-bit double-word that caused the error. 
Any remaining 16-bit RAM installed in the system is 
then tested using 8-bit read/write operations. 


If a memory error is encountered, an error message of 
the following format is displayed: 


XXO000Y ZZ - 201 - Memory Error 
Where: 
XX = the segment address where the failure occurred. 


Y = the byte in the double-word in which the failure 
occurred (0, 1, 2, or 3). 


ZZ = the bit or bits that failed. For example: 


00 = parity failed. 

01 = LSB in byte failed. 

80 = MSB in byte failed. 

FF = all bits in byte failed. 


Once the RAM has been tested, the contents of the 
system ROMs (address 0E£0000h to OF0000h) are copied 
to the RAM area starting at FEO000h. If present, the 
contents of the COMPAQ Enhanced Color Graphics Board 
ROM are copied to this RAM area as well. Execution 
speed of the BIOS from high-speed RAM is three to 
five times faster than from the 16-bit ROM. Note 
that because the contents of COMPAQ Enhanced Color 
Graphics Board ROM are relocated from address 0C0000h 
to an address within the system ROM (0E0000h to 
OFO000h), the contents of the appropriate video BIOS 
vectors are also relocated. Once the ROM contents 
are copied, the 128-KB RAM area at FE0000h is write- 
protected and mapped to the address space normally 
occupied by the system ROMs (0E0000h to OFFFFFh). 

The mapping and write protection are accomplished via 
the memory relocation registers on the system memory 
board. Once mapped, the RAM can be accessed either 
at 0E0000h to OFFFFFh or at FEQ000h to FFFFFFh. 
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A data structure in memory indicates how much of the 
COMPAQ Built-in Memory (F40000h to FE0000h) is in 
use. This memory is allocated downward (decreasing 
addresses) starting at address FEQO0O00h. Applications 
developed specifically for the COMPAQ DESKPRO 386, 
such as CEMM, read and modify this data structure to 
allocate and deallocate portions of the COMPAQ Built- 
in Memory for their use. The built-in memory data 
structure is located in write-protected memory at 
segment OFOO00h. The offset is specified by the word 
at OFO00:FFEOh. The format of the data structure is 
shown in Table 4-4. Because the data structure 
resides in write-protected memory, the write- 
protection must be disabled when updating the data 
structure. See the section entitled “System Memory 
Board Registers” in Chapter 3. 


Table 4-4. COMPAQ Built-in Memory Data Structure 
Word Description 
0 FFFFh indicates that no COMPAQ Built-in 


Memory is available. 
Otherwise, words 1 and 2 define the 
amount of memory available. 


it Total COMPAQ Built-in Memory size in 
16-byte blocks. 

2 COMPAQ Built-in Memory available, 
in 16-byte blocks. 

3 Paragraph address for the last used 


byte. The byte below (lower address) 
this byte is the first free byte in the 
COMPAQ Built-in Memory. 


For example, if 256 KB of the COMPAQ Built-in Memory 
is available starting at FEQ000h, the data structure 
contains the following: 


Word Contents 
0 1010h (Typical Value) 
1 4000h 
2 4000h 
3 E000h 


After initializing the system on power-on reset, the 
system speed is set according to the system board 
switch setting. The CPU speed is set to HIGH or AUTO 
depending on the setting of the system board dual in- 
line package (DIP) switch 4. The COMPAQ DESKPRO 386 
is delivered from the factory with switch 4 set to 
AUTO. AUTO is the recommended setting for maximum 
compatibility. On power-on reset, the system always 
beeps twice to indicate the speed has been set to one 
of the two fastest speeds possible (HIGH or AUTO). 

On a Ctr1-Alt-Del system restart initialization 
sequence, the system speed remains unchanged from its 
setting prior to the system restart. If the speed 
has been set to a value other than HIGH or AUTO, the 
system beeps only once. 


The initialization completes by performing an INT 19h 
to load and transfer control to the operating system. 
This is accomplished by loading the designated boot 
sector on the diskette or fixed disk. If an invalid 
boot sector is found, the user is prompted to retry 
the operation with another operating system disk. 
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4.2 BIOS INTRODUCTION 


The BIOS (basic input output system) and the programs 
on the COMPAQ DESKPRO 386 user's diskette reflect the 
same design criteria as those for the system board. 
They are: 


= Compatibility with existing 80286 software 


= Improved performance using the 32-bit architecture 


The COMPAQ DESKPRO 386 BIOS provides BIOS functions 
compatible with 80286-based products. In addition, a 
number of functions specific to the COMPAQ 

DESKPRO 386 have been included to take advantage of 
the increased performance and function of the 80386 
and the COMPAQ DESKPRO 386 hardware architecture. 
These functions include those for system speed 
control and handling the COMPAQ Enhanced Keyboard. 


Protected-to-Real-Mode Reset 


The COMPAQ DESKPRO 386 supports the Protected-to- 
Real-mode reset to ensure compatibility with 
applications developed for 80286-based products. 

Both the 80286 and the 80386 allow code to enter the 
Protected mode by setting the PE bit. On the 80386, 
however, returning to the Real mode does not require 
resetting the processor; resetting the PE bit returns 
the processor to Real mode. The intricacies of 
setting and resetting the PE bit are described fully 
in the Intel documentation. 


The BIOS senses a power-on condition when the System 
Flag (bit 2) in the 8042 keyboard controller's status 
port is 0. (Refer to Chapter 2, System Board, for 
more information on the keyboard controller. )} 
Subsequent power-on functions performed by the BIOS 
consist of device initialization, diagnostic tests, 
configuration sensing and verification, and 
bootstrapping from either the diskette or fixed disk. 


Reset Codes 


Because the processor can be reset for a variety of 
software-related reasons, a byte in the Configuration 
Memory (OFh) is used to store a “Reset Code”. This 
code is loaded immediately before requesting the 8042 
to issue a System Reset and is examined afterward to 
tell the BIOS what operation was in effect before the 
reset. Additionally, when a vector is needed for a 
return address or pointer to a saved environment, the 
Reset Vector at address 0040:0067 is used. 


Several reset codes have been reserved for use when 
system software needs to switch from Protected mode 
to the Real mode. Table 4-5 lists these codes. 


Table 4-5. Reset Codes 
Code Function 


00h Normal reset 


system reset occurs. 


04h _ = Reset with 
Boot Request 


05h ~=Return with 8259A 
initialization 


09h = Return from 
Block Move 


OAh Return without 8259A 


initialization 


Action Reset Vector 
(0040: 0067) 
Not used. A complete 


Not used. A boot 
operation occurs via 
INT 19h. 

Return address (CS:IP). 
Both 8259A interrupt 
controllers are 
initialized. The 
return address is 
loaded from 0040:0067. 
Pointer to stack frame 
(SS:SP) (used inter- 
nally by BIOS INT 15h, 
AH = 87h). 

Block Move operation 
resumes. Location 
0040:0067 is used to 
load the SS:SP of the 
Block Move function. 
Return address (CS:IP). 
The return address is 
loaded from 0040:0067. 
No 8259A initialization 
takes place. 
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Other reset codes are reserved by the BIOS and should 
not be used. On return to the destination 
environment, the SS and SP registers point to an area 
in BIOS RAM for all reset codes except for 09h (Block 
Move). Block Move uses the reset vector at 0040:0067 
as a save area for SS:SP, a stack-frame pointer. The 
stack frame stores the 80386 registers in the 
following order, beginning at offset +00h (top of 
stack): DS, ES, DI, SI, BP, SP, BX, DX, CX, AX, IP, 
CS, and flags. 
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4.3 FUNDAMENTALS OF INTERRUPT 
CALLS 


The 80386's INT assembly language instruction is used 
to access BIOS functions. This is a “software 
interrupt,” or "service call," to request that a 
certain function be performed. For example, when the 
80386 encounters the INT 10h instruction, it invokes 
the program or routine in the BIOS memory that 
controls the video functions. 


Before using the INT instruction, the 80386 registers 
must be set up with the values appropriate to the 
function desired. The formats for the 80386 register 
values are described with each function. Likewise, 
the 80386 register values after the function call 
(INT) depend on the function. Interface routines to 
higher level language programs that use BIOS calls 
must ensure that the register values are returned to 
the pre-BI0S call state to prevent major software 
problems. 


When the 80386 is operating in the Real mode, the 
system stores a software interrupt vector table in 
RAM, starting at address 0000:0000 (segment:offset). 
A vector is a pointer to an interrupt service routine 
entry point. Each interrupt vector uses two words (4 
bytes), one for the segment offset and one for the 
segment address of the interrupt routine. For 
example, when INT 10h is called, the 80386 looks to 
memory locations 40h..43h for the address of the 
video interrupt service routine; locations 40h..43h 
contain a vector to that service routine. 


When the 80386 is operating in the Protected mode, 
the vector table can begin anywhere in physical 
memory, as defined by the interrupt descriptor table 
(IDT) base register in the 80386. 


Interrupts caused by hardware devices also have 
service routines in memory. The vectors for these 
interrupts are included in the interrupt vector 
table. 


Some interrupt calls have more than one function 
available, requiring some method of specifying which 
subfunction is desired. The AH register is loaded 
with the number of the desired subfunction before the 
interrupt instruction is called. 


In some cases, more than one parameter must be loaded 
into the 80386 registers before the interrupt 
instruction is called. Ensure that all registers are 
properly set before using a software interrupt 
instruction. 


4.4 BIOS INTERRUPTS SUMMARY 


This section summarizes the interrupt (INT) calls 
used for each system function and the memory 
locations used by the BIOS for those functions. 


The interrupts are grouped by function and presented 
in the following order: 


= Processor 
= Coprocessor 


= Tick Counter/Real-Time Clock 


= System 
= Diskette 
= Printer 


= Asynchronous Communications 
= Keyboard 

= Fixed Disk 

= Video 


= Miscellaneous 
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Interrupts within each functional group are further 
categorized as software (SW), CPU, hardware (HW), or 
pointer (PTR). 


Software interrupts (SW) are explicitly issued by 
applications programs or system software. Interrupt 
service routines are provided by the BIOS ROM or 
other user-supplied system software. Interrupts form 
a standardized interface between applications 
programs, system software, and BIOS firmware. 


CPU interrupts are initiated by the 80386 as a result 
of a processing exception. For example, executing an 
invalid opcode causes an INT 06h. 


Hardware (HW) interrupts are initiated by device 
signals on the 80386 Non-Maskable Interrupt (NMI) or 
Interrupt (INTR) pins. Signals on the INTR pin are 
arbitrated by the 8259A Interrupt Controllers. An 
interrupt-acknowledge cycle by the 80386 requests the 
active 8259A interrupt controller to place the actual 
interrupt number on the bus. 


Pointer (PTR) interrupts are not used to transfer 
program control, but are 4-byte pointers in low 
memory, named for the interrupt-vector location they 
occupy. These pointers typically point to tables, 
such as the fixed disk parameter table and video 
character dot-pattern tables. 


Table 4-6 summarizes the BIOS interrupts. 


eS 
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Table 4-6. BIOS Interrupts Summary 


INT Type Function 

00h CPU Zero Divide 

Olh CPU Single Step 

02h HW Non-Maskable Interrupt 
03h CPU Software Breakpoint 
04h CPU Arithmetic Overflow 


05h SW Print Screen 

05h CPU Bound Exceeded 

06h CPU Invalid Opcode 

07h CPU 80287 Not Available 

08h CPU Double Exception Error 
08h HW IRQO, Tick Counter 

09h HW IRQ1, Keyboard Interrupt 
OAh CPU Invalid TSS 

OAh HW Simulated IRQ2 

OBh CPU Segment Not Present 

OBh HW IRQ3, Comm, Secondary 
0Ch CPU Stack Segment Overflow 
0Ch HW IRQ4, Comm, Primary 

ODh CPU General Protection 

ODh HW IRQ5 

OEh HW IRQ6, Diskette Interrupt 
OEh CPU Page Fault 

OFh HW IRQ7, Printer Interrupt 
10h SW Video 1/0 

11h SW Configuration 

12h SW Base Memory Size 


(Continued) 


Table 4-6. BIOS Interrupts Summary (Concluded) 


INT Type Function 

13h SW Diskette Drive 1/0 

13h SW Fixed Disk Drive 1/0 

14h SW Communications I/0 

15h SW BIOS Extension 

16h SW Keyboard 1/0 

17h SW Printer I/0 

18h SW Boot Fail 

19h SW Bootstrap 

1Ah SW Tick Counter/RTC 

1Bh SW Control-Break Service 
1Ch SW Tick Counter Service 

1Dh PTR Video Cont. Bd. Parameters 
1Eh PTR Diskette Parameter Table 


40h SW Diskette Drive 1/0 

41h PTR Fixed Disk Drive 1 
Parameters 

46h PTR Fixed Disk Drive 2 
Parameters 

4Ah SW RTC Alarm Service 

70h HW IRQ8, RTC Interrupt 

71h HW IRQQ (Redirected to IRQ2) 

72h HW IRQ10 

73h HW IRQ11 

74h HW IRQ12 

75h HW IRQ13, 80287 Error 

76h HW IRQ14, Fixed Disk Drive 

77h HW IRQ15 


In addition to using a section of RAM for the 
interrupt vector table given in Table 4-7, the system 
BIOS uses another section for status information and 
buffers for data transfers given in Table 4-8. 


Table 4-7. Memory Locations for Interrupts 
INT Address 


00h 
Olh 
02h 
03h 


0000: 
0000: 
0000: 
0000: 


0000 
0004 
0008 
000C 


Bytes 


4 


04h 
05h 
06h 
07h 
08h 
09h 
OAh 
OBh 
0Ch 
ODh 
OEh 
OFh 
10h 
lih 
12h 
13h 


0000: 
0000: 
0000: 
0000: 


0010 
0014 
0018 
001C 


0000: 


0020 


0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
20048 
0000: 


0000 


0024 
0028 
002C 
0030 
0034 
0038 
003C 
0040 
0044 


004C 


Od ed at Ce ee ee eee 


(Continued) 


Table 4-7. 
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Memory Locations For Interrupts 


(Concluded) 


INT Address 
14h 0000:0050 
15h 0000:0054 


16h 
17h 
18h 
19h 
1Ah 
1Bh 
1Ch 
1Dh 
1Eh 
1Fh 
40h 
41h 
46h 
4Ah 
70h 
71h 
72h 
73h 
74h 


0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 
0000: 


0058 
005C 
0060 
0064 
0068 
006C 
0070 
0074 
0078 
007C 


Bytes 


0100 
0104 
0118 
0128 
01C0 
01C4 
01C8 
01CC 
01D0 


75h 
76h 
77h 


0000: 
0000: 
0000: 


01D4 
01D8 
01DC 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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Table 4-8. RAM Locations Used by the BIOS 
Address Bytes Function 


0040:0000 2 Base Address of Comm Port 0 (COM1) 

0040:0002 2 Base Address of Comm Port 1 (COM2) 

0040:0004 2 Base Address of Comm Port 2 

0040:0006 2 Base Address of Comm Port 3 

0040:0008 2 Base Address of Printer Port 0 
(LPT1) 

0040:000A 2 Base Address of Printer Port 1 
(LPT2) 

0040:000C 2 Base Address of Printer Port 2 
(LPT3) 

0040:000E 2 Base Address of Printer Port 3 

0040:0010 2 System Configuration 

0040:0012 1 Used by Power-On Diagnostics 

0040:0013 2 Base Memory Size (in kilobytes) 

0040:0015 1 Previous Scan Code 

0040:0016 1 Keyclick Loudness 

0040:0017_— 2 Keyboard Bit Status 

0040:0019 1 Accumulator for Alt Key Input 

0040:001A 2 Keyboard Buffer Pointer - Head 

0040:001C 2 Keyboard Buffer Pointer - Tail 

0040:001E 32 Keyboard Type-Ahead Buffer (16 


Entries) 

Diskette Drive Status 
0040:003F Motor Status 

0040:0040 Motor Off Timeout Counter 


0040:003E 1 
1 
1 
0040:0041 1 Diskette Last Operation Status 
7 
1 


0040:0042 Diskette Drive Controller Status 
0040:0049 Video Mode 


(Continued) 


Table 4-8. RAM Locations Used by the BIOS 
Address Bytes Function 
0040:004A 2 Number of Columns on Screen 
0040:004C 2 Length of Screen Memory Bytes 
0040:004E 2 Starting Address for Screen Memory 
0040:0050 16 Cursor Save Area for Each Page 

(8 Entries) 


0040:0060 2 Cursor Mode (start and end scan 
line) 

0040:0062 1 Current Page 

0040:0063 2 Base Address of Active Video 


Adapter Board 
0040:0065 Current Mode 


0040:0066 Current Color 


1 

il 
0040:0067 4 Reset Vector 
0040:006B 1 Interrupt Occurred Flag 
0040:006C 4 Timer Ticks Since Midnight 
0040:0070 1 Timer Rolled Over Flag 
0040:0071 1 Break Bit 
0040:0072 2 Reset Word 
0040:0074 1 Fixed Disk Drive Status of Last 

Operation 

0040:0075 1 Number of Fixed Disk Drives 
0040:0076 1 Fixed Disk Drive Control Byte 
0040:0077' = 1 Reserved 
0040:0078 1 Timeout for Printer Port 0 (LPT1) 
0040:0079 1 Timeout for Printer Port 1 (LPT2) 
0040:007A 1 Timeout for Printer Port 2 (LPT3) 
0040:007B 1 Timeout for Printer Port 3 
0040:007C 1 Timeout for Comm Port 0 (COM1) 


(Continued) 


Table 4-8. RAM Locations Used by the BIOS 


(Concluded) 
Address Bytes Function 
0040:007D 1 Timeout for Comm Port 1 (COM1) 
0040:007E 1 Timeout for Comm Port 2 (COM2) 
0040:007F 1 Timeout for Comm Port 3 
0040:0080 2 Keyboard Buffer Begin 
0040:0082 2 Keyboard Buffer End 
0040:0084 7 Reserved 
0040:008B 1 Last Data Rate Selected 
0040:008C 1 Fixed Drive Status Registered, 


Last Operation 
0040:008D 1 Fixed Drive Error Registered, 


Last Operation 


0040:008E 1 Interrupt Occurred Flag 
0040:008F 1 Fixed Disk Drive Controller Board 
Installed 


0040:0090 Drive A Media State 
0040:0091 Drive B Media State 


0040:0092 Drive A Operation Start State 


1 

1 

1 
0040:0093 1 Drive B Operation Start State 
0040:0094 1 Drive A Current Track 
0040:0095 1 Drive B Current Track 
0040:0096 1 Enhanced Keyboard Shift Status 
0040:0097 1 Keyboard LED Flags 
0040:0098 4 Pointer to Caller's Wait Flag 
0040:009C 4 Wait Count (32-Bit) 
0040:00A0_ 1 Wait Active Flag 
0040:00A1 95 Reserved 

1 


0040:0100 Print Screen Status 


Software Aspects and BIOS 4-33 


4-34 Technical Reference Guide 


4.5 PROCESSOR INTERRUPTS 


The 80386 processor has several predefined interrupts 
used for notifying system or applications software of 
execution exceptions. These are categorized as 
processing, debug, and arithmetic interrupts: 


= Processing interrupts are: 
- INT 05h (Bound Exceeded) 
- INT 06h (Invalid Opcode) 
- INT 08h (Double Exception Detected) 
- INT OAh (Invalid TSS) 
- INT OBh (Segment Not Present) 
- INT 0Ch (Stack Segment Overrun) 
- INT 0Dh (General Protection) 
- INT OEh (Page Fault) 


= Debug interrupts are: 
- INT Olh (Single Step) 
- INT 03h (Software Breakpoint) 


= Arithmetic interrupts are: 
- INT 00h (Divide by Zero) 
- INT 04h (Arithmetic Overflow) 


Refer to the Intel iAPX 386 Programmer's Reference 
Manual for a detailed explanation of each interrupt. 


Table 4-9 lists the BIOS processor interrupts. 
Table 4-10 lists the memory locations used. 


Table 4-9. BIOS Processor Interrupts 


INT Type Function 

00h CPU Divide by Zero 

Olh CPU Single Step 

03h CPU Software Breakpoint 
04h CPU Arithmetic Overflow 
05h CPU Bound Exceeded 

06h CPU Invalid Opcode 

08h CPU Double Exception Error 
OAh CPU Invalid TSS 

OBh CPU Segment Not Present 
0Ch CPU Stack Segment Overflow 
ODh CPU General Protection 

OEh CPU Page Fault 

Table 4-10. Memory Locations Used by Processor 


Memory 

Location B 
0000:0000 4 
0000:0004 4 
0000:000C 4 
0000:0010 4 
0000:0014 4 
0000:0018 4 
0000:0020 4 
0000:0028 4 
0000:002C 4 
0000:0030 4 
0000:0034 4 


ytes 


ES 


eo  —————————— 


Function 

INT 00h Vector 
INT Olh Vector 
INT 03h Vector 
INT 04h Vector 
INT 05h Vector 
INT 06h Vector 
INT 08h Vector 
INT OAh Vector 
INT OBh Vector 
INT OCh Vector 
INT ODh Vector 


0000:0038 4 


INT OEh Vector 


ee ee ee ee 


INT 00h - CPU - DIVIDE BY ZERO 

Interrupt INT 00h is initiated when a Divide by Zero 
or Divide Overflow takes place in the 80386. 

ROM ENTRY: Points to an interrupt return. 

ROM ACTION: Control returns to the calling program. 
INPUT: None. 

OUTPUT: None. 


INT Olh - CPU - SINGLE STEP 

INT Olh is initiated when an instruction is executed 
with the trace flag (TF) set. 

ROM ENTRY: Points to an interrupt return. 

ROM ACTION: Control returns to the calling program. 
INPUT: None. 

OUTPUT: None. 


USE: It is the responsibility of the operating system 
or the applications program (usually DEBUG or DDT) to 
set up this vector for useful action. 
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INT 03h - CPU - SOFTWARE BREAKPOINT 


INT 03h is initiated by execution of either the 
single-byte or double-byte INT 03h instruction 


(opcode CCh or CDh, 03h). 

When the system encounters this interrupt, it jumps 
to the address pointed to by the INT 03h vector 
(0000:000C) . 

This interrupt provides a debugging program with a 
means of suspending program execution so that system 
control can return to the debug program. 


ROM ENTRY: Points to an interrupt return. 


ROM ACTION: Control returns to the calling program. 
INPUT: None. 

OUTPUT: None. 

USE: It is the responsibility of the operating system 


or the applications program to set up this vector for 
useful action. 


DSSS ee 
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INT 04h - CPU - ARITHMETIC OVERFLOW 


INT 04h is initiated by execution of an INTO 
instruction when the Overflow Flag (OF) is set. 


ROM ENTRY: Points to an interrupt return. 

ROM ACTION: Returns. 

INPUT: None. 

OUTPUT: None. 

USE: It is the responsibility of the operating system 


or the applications program to set up the vector to 
process this interrupt. 


INT OSh - CPU - BOUND EXCEEDED 
- SW - PRINT SCREEN 


INT 05h is initiated either by explicitly executing 
an INT 05h instruction (for Print Screen), or by 
exceeding the limits specified in the BOUND 
instruction. 


ROM ENTRY: Bound Exceeded is not supported by BIOS 
(the interrupt vector points to the Print Screen 
handler). 


ROM ACTION: The screen contents are printed. 
INPUT: None. 
OUTPUT: None. 


USE: A replacement INT 05h handler can determine the 
source of the interrupt by examining the two bytes 
previous to the instruction pointed to by the return 
address on the stack. If the bytes are CDh, 05h, 
then the source of the interrupt is an INT 05h. It 
js the responsibility of the operating system or the 
applications program to set up the vector to process 
the INT 05h interrupt. 


INT 06h - CPU - INVALID OPCODE 


INT 06h is initiated by the 80386 when an illegal 
instruction is executed. 


ROM ENTRY: Points to an interrupt return. 
ROM ACTION: None. 


INT 08h - CPU - DOUBLE-EXCEPTION ERROR 
-__HW - _IRQO, TICK COUNTER 


INT 08h normally handles the Tick-Counter hardware 
interrupts from IRQO. However, if operating in the 
Protected mode, INT 08h is issued by the 80386 when a 
Double-Exception error is detected (processor cannot 
continue). 


An operating system software program, running in the 
Protected mode, can readily relocate hardware 
interrupts IRQO to IRQ7 to another block of eight 
interrupt vectors to avoid conflict. (See INT 15h, 
AH = 89h.) 
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INT OAh - CPU - INVALID TSS 
- HW - SIMULATED IRQ2 


INT OAh is normally issued by the BIOS in response to 
processing an INT 71h. However, if the system is 
operating in the Protected mode, INT OAh is issued 
by the 80386 when an invalid Task-State Segment (TSS) 
is encountered. 


INT OBh - CPU - SEGMENT NOT PRESENT 
- _HW - IRQ3, COMM, SECONDARY 


In the Protected mode, the 80386 issues INT OBh when 
jit detects a reference to a segment not currently 
mapped by its memory-management hardware. Otherwise, 
the default initialization of the interrupt 
controllers directs interrupts from IRQ3 to INT OBh. 


INT OBh is not processed by the BIOS other than to 
return control to the calling program. 
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INT OCh - CPU - STACK SEGMENT OVERFLOW 
- _HW - IRQ4, COMM, PRIMARY 


In the Protected mode, the 80386 issues INT OBh when 
it detects a push onto a stack that exceeds the space 
as allocated by memory management hardware. 
Otherwise, the default initialization of the 
interrupt controllers directs interrupts from IRQ4 to 
INT OCh. 


INT OCh is not processed by the BIOS other than to 
return control to the calling program. 


INT ODh - CPU - GENERAL PROTECTION 
-__HW - IRQ5, NOT USED 


INT ODh normally handles the interrupts from IRQ5, 
which is not used. However, if the processor is 
operating in the Protected mode, INT ODh is also 
issued by the 80386 when a General Protection 
exception is detected. 


Operating system software running in the Protected 
mode can readily relocate hardware interrupts IRQO 
through IRQ7 to another block of eight interrupt 
vectors to avoid conflict with CPU-type INT ODh. 
(See INT 15h, AH = 89h.) 


INT OEh - CPU - PAGE FAULT 
-__HW - IRQ6 - DISKETTE INTERRUPT 


INT OEh normally handles diskette interrupts. 
However, if the processor is operating in the 
Protected or Virtual 8086 mode, INT OEh is issued 
when a page fault occurs. 


Operating system software running in the Protected 
mode can readily relocate hardware interrupts IRQO 
through IRQ7 to another block of eight interrupt 
vectors to avoid conflict with CPU-type INT OEh. 
(See INT 15h, AH = 89h.) 


4.6 COPROCESSOR INTERRUPTS 


The BIOS provides two basic areas of support for the 
80287 coprocessor: 


1. BIOS checks for the presence of the 80287 during 
the system initialization process. If the 80287 
is present and the 80287-installed DIP switch is 
set, appropriate bits in the machine status word 
in the 80386 processor are set. The BIOS checks 
to ensure that the 80287-installed switch is set 
correctly. 


2. The BIOS transfers INT 75h (IRQ13, 80287 Error) to 
INT 02h for compatibility with software written 
for 8088-/8086-based products. 


After initialization, coprocessor interrupts INT 07h 
(80287 Not Present), INT 09h (80287 Segment Overrun) 
and INT 02h (NMI) are normally supported by systems 
software (DOS) and are not handled by the BIOS. 


Table 4-11 lists the BIOS coprocessor interrupts. 


Table 4-12 lists the memory locations used by 
coprocessor interrupts. 


Table 4-11. Coprocessor Interrupts 


INT Type Function 

07h CPU 80287 Not Present 
09h CPU 80287 Segment Overrun 
75h HW IRQ13, 80287 Error 


(Redirected to INT 02h) 
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The COMPAQ DESKPRO 386 system board has an 80287- 
installed DIP switch (switch 2). If the switch and 
the BIOS installation check for the 80287 do not 
match, then the 80287-installed bit in the equipment 
status word will show no 80287. When the switch does 
not match with the presence or absence of the 80287, 
a coprocessor installation error is displayed. The 
80287 speed (4- versus 8-MHz) DIP switch (switch 3) 
is used to select the clock rate of the 80287 and is 
not used by the BIOS. 


ee 
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ee eee 


Table 4-12. Memory Locations Used by Coprocessor 


Interrupts 


Memory 

Location Bytes Function 
0000:001C 4 INT 07h Vector 
0000:0024 4 INT 09h Vector 
0000:01D4 4 INT 75h Vector 


INT 07h - CPU - 80287 NOT PRESENT 


INT 07h is initiated by the 80386 when the execution 
of an 80287 instruction is attempted with the EM bit 
of the machine status word set (80287 coprocessor not 
present). 


ROM ENTRY: Points to an interrupt return. 
ROM ACTION: None. 


INT 09h - CPU - 80287 SEGMENT OVERRUN 
- HW - IRQ1, KEYBOARD 


INT 09h normally handles the keyboard hardware 
interrupts from IRQ1. However, when the 80386 is 
operating in the Protected mode, INT 09h is issued by 
the 80386 when an 80287 Segment Overrun exception is 
detected. 


Operating system software running in the Protected 
mode can readily relocate hardware interrupts IRQO 
through IRQ7 to another block of eight interrupt 
vectors to avoid conflict. (See INT 15h, AH = 89h.) 


INT 75h - HW - IRQ13, 80287 ERROR 


INT 75h occurs when there is an unmasked error 
condition on the 80287 numeric coprocessor. This 
error can be caused by arithmetic overflow or 
underflow, division by zero, and loading invalid 
numbers. 


ROM ENTRY: Points to INT 75h handler. 


ROM ACTION: BIOS performs an EOI (End Of Interrupt) 
sequence on Interrupt Controller 1 (master) and 
Controller 2 (slave), outputs a 00h to port FOh to 
clear the 80287 BUSY- signal, and then invokes the 
INT 02h (Non-Maskable Interrupt) handler, to provide 
compatibility with 8088/8086-processor-based 
software. 


4.7 COUNTER/REAL-TIME 
CLOCK (RTC) INTERRUPTS 


The tick counter/RTC interrupts provide all 
timekeeping functions in the BIOS. The tick 
counter/RTC interrupts are actually two separate 
services attached to two different hardware elements. 


The tick counter is actually one counter of the 8254 
Programmable Interval Timer. The tick counter is 
provided mainly for compatibility with software 
written for 8088/8086-based products. The RTC clock 
is part of the MC146818 RTC and Configuration Memory 
device. The RTC provides battery-backed-up time-of- 
day information and alarm service in a binary-coded 
decimal (BCD) format. 


During power-up, the BIOS uses the RIC to initialize 
the tick counter. Thereafter, the tick counter 
maintains a 32-bit counter in the BIOS RAM area that 
contains the number of ticks since midnight. Ticks 
arrive from hardware interrupt IRQO and are vectored 
through INT 08h at a rate of approximately 18.2 ticks 
per second (18.2 Hz). When the counter reaches 
1573040 (24 hours), it rolls over to zero and sets a 
rolled-over flag in BIOS RAM. 
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In addition to timekeeping, the tick counter also 
decrements a countdown timer variable in BIOS RAM, 
and when zero is reached, turns off the diskette 
drive motors. A periodic interrupt to applications 
software is provided by the BIOS calling INT 1Ch 
every tick. The vector in INT 1Ch is initialized at 
power-on to point to an interrupt return. 


RTC BIOS support provides an interface to the 
MC146818 clock/calendar functions RTC device. This 
device maintains the time-of-day and an alarm 
function in hardware. If enabled, it also interrupts 
the processor on IRQ8 vectored through INT 70h at a 
rate of 1024 interrupts per second (one every 

976 us). 


Three software services are driven by the RTC 
hardware interrupt to INT 70h (IRQ 08h): Event Wait 
(INT 15h, AH = 83h), Unconditional Wait (INT 15h, AH 
= 86h), and RTC Alarm Service (INT 4Ah). See their 
respective descriptions in this chapter for further 
information. 


Table 4-13 lists the BIOS tick counter/real-time- 
clock (RTC) interrupts. Table 4-14 lists the memory 
locations used. 
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Table 4-13. Tick Counter/Real-Time-Clock (RTC) Timer 
Interrupts 


INT Type Function 

1Ah SW Tick Counter/RTC 

1Ch SW Tick Counter Service 
4Ah SW RTC Alarm Service 
08h HW IRQO, Tick Counter 
70h HW IRQ8, RTC Interrupt 


Table 4-14. Memory Locations Used by Tick Counter/ 
Real-Time Clock (RIC) Timer Interrupts 


Memory 
Location Bytes Function 


0000:0020 4 INT 08h Vector 
0000:0068 4 INT 1Ah Vector 
0000:0070 4 INT 1Ch Vector 
0000:0128 4 INT 4Ah Vector 
0000:01C0 4 INT 70h Vector 


0040:006B 1 Interrupt Occurred Flag 


0040:006C 4 Timer Ticks Since Midnight 
0040:0070 1 Timer Rolled-Over Flag 
0040:0098 4 Pointer to Caller's Wait Flag 
0040:009C 4 Wait Count (32 bit) 

0040:00A0 1 Wait Active Flag 


INT 1Ah - SW - TICK COUNTER/RTC 


Reads or sets the tick counter, RTC time, RTC date, 
or RTC alarm. The tick counter is a 32-bit location 
in BIOS RAM that is incremented 18.2065 times per 
second, that is, once for each INT 08h hardware 
interrupt. When a count of 1,573,040 (001800B0h) is 
reached (24 hours), the BIOS resets the Tick Counter 
to 0, and sets the rolled-over flag in location 
0040:0070 to al. System software normally 
initializes this counter to the time of day 
represented as ticks since midnight. 


RTC functions handle I/0 to the MC146818 Real-Time 
Clock and Configuration Memory device and maintains 
in BIOS RAM a 32-bit event wait counter. The RTC 
operates independently of the tick counter. 


ROM ENTRY: Points to tick counter/RTC ROM entry 
point. 


ROM ACTION: Upon entry, control is transferred to one 
of eight routines based on the function code in 
register AH. These functions are described in the 
following table. Illegal function codes cause 
control to simply return. All registers except those 
returning a value are preserved. 


Function Summary 

AH Action 

00h Read Tick Counter 
Olh Set Tick Counter 
02h Read RTC Time 

03h Set RIC Time 

04h _ Read RTC Date 

05h Set RTC Date 

06h Set RTC Alarm 
07h Reset RTC Alarm 


Interrupts remain enabled. 


The only tick counter/RTC function (INT 1Ah) that 
affects the callers flags is the Set RTC Alarm 
function. The carry flag (CF) is set to 1 when the 
alarm is already set (alarm already active). 


Functions and their related parameters are 
individually described on the following pages: 
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INT 1Ah, AH = 00h - READ TICK COUNTER 


INT 1Ah, AH = 00h reads the contents of the tick 
counter and places these parameters in the output 
registers. 


INPUT: AH = 00h 


AH Ta 


DS VA 


CXL TIT TTTTT TT TLLTTTATTATTT. 
DXVILITTITT LTT. 


OUTPUT: 
Cx 


AL 


High portion of count 


DX = Low portion of count 
AL = Rolled-Over Flag 

= 1 when 24 hours have elapsed since last read 
AHI/ITITITILLTT/ 117) ROLLED OVER | AL 


BX 
CX 
DX 


MMI 


The Rolled-Over Flag is cleared by this interrupt. 


The tick counter increments continuously: 
18.2065 times per second, 1092 times per minute, 
65543 times per hour, or 1,573,040 times per day. 
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INT 1Ah, AH = Olh - SET TICK COUNTER 


INT 1Ah, AH = Olh loads the tick counter with the 
specified values. 


INPUT 
AH = Olh 
CX = High portion of count 


Low portion of count 


TTI. 
LITT. 


COUNT <31..16> 
COUNT <15. .0> 


AH AL 
BX 
CX 


DX 


OUTPUT: None. 


The Rolled-Over Flag is cleared by this interrupt. 


INT 1Ah, AH = 02h - READ RTC TIME 


INT 1Ah, AH = 02h reads the RTC time and places the 
value in the output registers. 


INPUT: AH = 02h 


MATA. 


TLE TAAL TL. 
TT 
A 


AH AL 


OUTPUT: 

BCD Hours 
BCD Minutes 
BCD Seconds 


TTT TTT TATA TTL. 
TTETTLTTT ATTA TAAL TAA TTT. 


@ eo 
(erreks 
nou ow 


AX 
BX 


CH] BCD HOURS CL 
DH{ BCD SECONDS | ////////////II/ | DL 
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INT 1Ah, AH = 03h - SET RTC TIME 


INT 1Ah, AH = 03h loads the specified values into the 
RTC time register. 


INPUT: 

AH = 03h 

CH = BCD Hours 
CL = BCD Minutes 


00h if Standard Time 


DH = BCD Seconds 
= Olh if Daylight Savings Time (DST) 


LITTLE LTT TTT ATA TAT. 


BCD HOURS BCD MINUTES | CL 
BCD_SECONDS DL 


QUTPUT: None. 


DH 


INT 1Ah, AH = 04h - READ RTC DATE 


INT 1Ah, AH = 04h reads the time values from the RTC 
registers and stores these values in the output 
registers. 


INPUT: AH = 04h 


IMMA 


LITLE TTT LTT TTT ALAA A TL. 


LITTTTTT TTT LTT AAA LLL ATT. 


AH AL 
BX 


CX 


ee 
QUTPUT 

CH = BCD Century (19 or 20) 

CL = BCD Year 

DH = BCD Month 

DL = BCD Date 


BCD YEAR 
BCD _DATE 


AX 
BX 
CH 
DH 


Ch 
DL 


oS see 
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INT 1Ah, AH = 05h - SET RTC DATE 


INT 1Ah, AH = 05h loads the specified values into the 
RTC date register. 


INPUT: 

AH = 05h 

CH = BCD Century (19 or 20) 
CL = BCD Year 

DH = BCD Month 

DL = BCD Date 


AH MIIIITILLLT LLL. 


=) 4 A 


CH} BCD CENTURY BCD YEAR 
DH} BCD MONTH BCD DATE 


OUTPUT: None. 


AL 


CL 
DL 


INT 1Ah, AH = 06h - SET RTC ALARM 


INT 1Ah, AH = 06h loads the specified values into the 
RTC alarm register. 


INPUT: 

AH = 06h 

CH = BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 


AH IITA. 
BX[///IIIILTIL LTA LALLA. 
CH] BCD HOURS | BCD MINUTES | CL 
DH OL 


OUTPUT: 

Flags are unaffected when no previous alarm is 
pending. 

CF = 1, IF = 1 when an alarm is already pending. 


AL 


The RTC interrupt (IRQ8) is enabled on Interrupt 
Controller 2 by the Set RTC Alarm function, but is 
not disabled by the Reset RTC Alarm function call. 


INT 1Ah, AH = 07h - RESET RTC ALARM 


INT 1Ah, AH = 07h resets the RTC alarm register. 
INPUT: AH = O7h 


AH Te 


BX LTT LTT TTT LTT TA AAT. 
CXL TTT TTT TAAL. 
DXIIITTTTTT LTT TL TTT TTT TTT. 


AL 


OUTPUT: None. 
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INT 1Ch - SW - TICK COUNTER SERVICE 


INT 1Ch is called from the ROM at every interval- 
timer clock tick to provide the user with a means of 
executing code on a periodic basis (18.2 times per 
second). 


ROM ENTRY: Points to an interrupt return. 

ROM ACTION: Returns. 

INPUT: None. 

OUTPUT: None. 

USE: The vector for this interrupt can be changed to 
point to a user-supplied routine to be called at each 


hardware timer clock tick. The user routine must 
save all registers used and return with IRET. 
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INT 4Ah - SW - RTC ALARM SERVICE 


INT 4Ah interrupt is called from the ROM when the 
alarm function of the RTC has been enabled and the 
desired time reached. INT 4Ah is provided to notify 
user programs when a specified time of day is 
reached. 


ROM ENTRY: Points to an interrupt return. 
ROM ACTION: Returns. 


USE: The vector for this interrupt can be changed by 
system software or an applications program to point 
to a user-supplied routine. 


INT 08h - HW, - IRQO TICK COUNTER INTERRUPT 
- CPU - DOUBLE EXCEPTION ERROR 


INT 08h can be reached in one of two ways. INT 08h 
normally handles the tick counter hardware interrupts 
from IRQO. However, if the 80386 is operating in the 
Protected mode, INT 08h is issued by the 80386 when a 
Double-Exception Error is detected (processor cannot 
continue). 


Operating system software running in the Protected 
mode can readily relocate hardware interrupts IRQO 
through IRQ7 to another block of eight interrupt 
vectors to avoid conflict. (See INT 15h, AH = 89h.) 


INT 08h is hardware-initiated by the output of 
Interval Timer Counter 0 at a rate of 18.2 times per 
second (18.2 Hz). INT 08h is used to provide 
timekeeping functions, turn off the diskette drive 
motors, and make calls to INT 1Ch. 


ROM ENTRY: Points to ROM Tick-Counter Interrupt 
handler. 


ROM ACTION: ROM code increments the contents of a 
32-bit double-word. When the count reaches 1573040 
(001800B0h), a flag is set (= 1) indicating that the 
timer has rolled past a day since last read and that 
the 32-bit double-word is cleared to 0 for the next 
day's incrementing. 


INPUT: Double-word counter. 


OUTPUT: Double-word counter, incremented Rolled-over 
flag. 


USE: The contents of the counter can be set or read 
by calls to INT 1Ah and can be used to keep track of 
elapsed time (since midnight). A user-supplied 
routine may also be periodically invoked from INT 
1Ch. See INT 1Ah and INT 1Ch for details. 


The vector for this interrupt is normally not changed 
by the user. 


Software Aspects and BIOS 4-49 


INT 70h - HW - IRQ8 RTC INTERRUPT 


The RTC device (when enabled) interrupts the 
processor approximately every 976 us, which is the 
period of the RTC clock. 


ROM ENTRY: Points to RTC Interrupt handler. 


ROM ACTION: The interrupt handler performs an EOI to 
the Interrupt Controller 2 (slave), then does an EOI 
to the Interrupt Controller 1 (master). The handler 
recognizes alarm interrupts and periodic interrupts. 
The periodic interrupt is used to implement the Wait 
and Event Wait (unconditional) INT 15h functions. 


When a periodic interrupt occurs, a check is made to 
insure that a Wait or Wait Event is defined. If so, 
the 32-bit counter in RAM locations 0040:009C and 
0040:009E is decremented and checked for completion. 
If the timeout has expired, then the Periodic 
Interrupt Enable is disabled, the Wait Active flag in 
RAM at 0040:00A0 is cleared, and the user's semaphore 
is set. This semaphore is bit 7 of a byte pointed to 
by location 0040:0098. 


When a timer alarm interrupt occurs, a call to 
INT 4Ah is performed. The caller is expected to 
intercept INT 4Ah before calling the Set Alarm 
function. 


INPUT: None. 
OUTPUT: Event Wait timer is decremented. 


USE: Used by BIOS to implement the event timer and 
alarm functions. 
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4.8 SYSTEM INTERRUPTS Table 4-16. Memory Locations Used by System 
Interrupts 
This section contains descriptions of general BIOS Memory 
services that are not attached to specific 1/0 Location Bytes Function 
devices. These include INT 11h and INT 12h for 0000:0008 4 INT 02h Vector 
system configuration information, INT 15h for BIOS 0000:0044 4 INT 11h Vector 
extensions such as multitasking support, INT 18h and 0000:0048 4 INT 12h Vector 
INT 19h for bootstrap operations, and INT 02h for 
menary. parity errors” 0000:0054 4 INT 15h Vector 
0000:0060 4 INT 18h Vector 
Table 4-15 lists the BIOS system interrupts. Table 0000:0064 4 INT 19h Vector 
4-16 lists the memory locations used. 0040:0010 2 System Configuration 
0040:0013 2 Base Memory Size (in kilobytes) 
Table 4-15. 8105 System Interrupts 0040:0067 4 Reset Vector 
LIE LE rr 0040:0072 2 Reset Word 
ih SVs a Seon figurationee SS 0040:0098 4 Pointer to Caller's Wait Flag 
dé SW BasenMemory Sizes 0040:009C 4 Wait Count (32-bit) 
15h SW BIOS Extensions 0040:00A0 1 Wait Active Flag 
18h SW Boot Fail 
19h SW Bootstrap 
02h HW Non-Maskable Interrupt 


(NMI) 


INT 11h - SW - EQUIPMENT CONFIGURATION 


INT 11h returns a bit-encoded word relating the 
number and type of hardware devices installed. 


ROM ENTRY: Points to Equipment Configuration ROM 
entry point. 


ROM ACTION: The equipment status word is initialized 
on power-on. Calls by INT 11h return the contents of 
this word in register AX. 


INPUT: None. 


OUTPUT: AX = Configuration 


AX EQUIPMENT CONFIGURATION 

BX[ IIIT TTT 
3 ee 
ee 
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———— 
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The following bit map shows the bit values for the Equipment Configuration Word: 


15 14 13 12 11 10 9876543210 AX - Function 

0 = No Diskette Drives Installed 

1 = Diskette Drive(s) Installed Per Bits <7..6> 
80287 Installed 

Reserved for other boards (EGA) 

Initial Video Configuration 


ec 


00 = Reserved 

01 = 40x25 

10 = 80x25 (standard) 

11 = Non-COMPAQ Monochrome 


Number of Diskette Drives 


00 = 1 Drive 

01 = 2 Drives 

10 = Reserved 

11 = Reserved 
Reserved 
Number of Asynchronous Ports 
000 = 0 Ports 

001 = 1 Port 

010 = 2 Ports 

011 = 3 Ports 

100 = 4 Ports 
Game I/0 Interface 
Reserved 
Number of Printers 
00 = 0 Printers 
01 = 1 Printer 

10 = 2 Printers 
11 = 3 Printers 


Notes: 1. Bits <5..4> normally indicate an initial video configuration of 80x25 text. 
2. Reserved bits should be masked out of any processing. 
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INT 12h - SW - BASE MEMORY SIZE 


INT 12h returns to the caller the amount of base RAM 
installed in 1-KB increments. 


ROM ENTRY: Points to Base Memory Size ROM entry 
point. 


ROM ACTION: The base memory size word is initialized 
on power-up. Calls by INT 12h places the number of 


contiguous 1-KB blocks of base memory in register AX. 


INPUT: None. 


OUTPUT: AX = Contiguous base memory size in 1-kB 
increments. 


AX 
BX 
CX 
DX 


BASE MEMORY SIZE 
ITT TTL TATA LTA TTA LTT. 
LITT TTT TTA TTT TAA TET. 


IIT TTTTT TT TTTLTATTA TA TATT T. 


The number in AX is always in multiples of 64 
(decimal) to a maximum of 640. 


INT 15h - SW - BIOS EXTENSION 


INT 15h is used for a variety of BIOS functions. 


Function Summary 

AH Action 

4Fh Keyboard Scan Code Intercept 

80h Device Open 

81h Device Close 

82h Program Terminate 

83h AL = 0 Event Wait 

83h AL = 1 Cancel Event Wait 

84h _ Joystick 

85h _ Sys Req Key Routine 
86h Unconditional Wait 
87h Block Move 

88h _ Expansion Memory Determination 
89h Enter Protected Mode 

90h Device Wait 

9ih Device Post 

COh Return System Environment 
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INT 15h, AH = 4Fh - KEYBOARD SCAN CODE INTERCEPT 

When a keyboard scan code is read from the 8042 by 
the keyboard BIOS, it invokes INT 15h function 4Fh 
with the scan code in register AL and the Carry flag 
set. This allows applications to trap INT 15h to 
examine and/or modify the scan codes generated by the 
keyboard. Upon return to the keyboard BIOS if the 
Carry flag has been reset, then the BIOS discards the 
scan code. Otherwise, the scan code in register AL 
is encoded as usual. 


INPUT 

AH = 4Fh 

AL = Scan code received from keyboard 
CPe=s1 


A 


LHL AAA 


OUTPUT: 

Et CR = 1 

AL = Scan Code to be used by BIOS 

If CF = 0, then BIOS discards the Scan Code. 


DX 


INT 15h, AH = 80h - DEVICE OPEN 


INT 15h, AH = 80h is a dummy routine that a user- 
written dispatcher is expected to trap. The BIOS 
simply returns with AH = 00h, CF = 0, IF = 1. 


INPUT 

AH = 80h 

BX = Device ID 

CX = Process ID 

AH TIATTTTAATT TL | AL 
BX DEVICE ID 


CX PROCESS ID 
DXPSLITLTTLLT TTT TAT AAT. 


OUTPUT: 
AH = 00h 
CF=0, IF=1 


AH ITIL AL 


CXL TTL TLL TTT. 
DXY/IITITITTL TTT LL TLL TT. 
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INT 15h, AH = 81h - DEVICE CLOSE 


INT 15h, AH = 81h is a dummy routine that a user- 
written dispatcher is expected to trap. The BIOS 
simply returns with AH = 00h, CF = 0, IF = 1. 


AH = 81h 
BX = Device ID 
CX = Process ID 


AH TT 
| DEVICE ID 


AL 


BX DEVICE ID 
CX PROCESS ID 


DXVSILTITITTTL TT L TTT T TT LTALTTTTTTTT. 


OUTPUT: 
AH = 00h 
CF =0, IF=1 


00h FITITITTTTTT TTT | AL 


TTT ATL. 
LITLE TA LTA TTT. 
LTT TTT LLL TTA ATT TTT. 


AH 
BX 
CX 
DX 


INT 15h, AH = 82h - PROGRAM TERMINATE 


INT 15h, AH = 82h is a dummy routine that a user- 
written dispatcher is expected to trap. This routine 
serves as a dummy routine for multitasking support. 
The BIOS simply returns with AH = 00h, CF = 0, 

IF = 1. 


INPUT: 


AH = 82h 
BX = Process ID 


AH 
BX PROCESS ID 

cx 
Ox 


OUTPUT: 
AH = 00h 
CF=0, IF=1 


AL 


AL 
BX 
CX 
DX 
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INT 15h, AH = 83h, AL = 00h - EVENT WAIT 


A call to INT 15h, AH = 83h, AL = 00h, always returns 
immediately. The calling program is expected to poll 
the semaphore byte to determine completion of the 
wait period. 


INPUT: 
AH = 83h 
AL = 00h 


ES:BX = Pointer to semaphore byte in user memory. 
Bit 7 of the semaphore byte is set when the 
wait time expires. 


CX = High count of number of microseconds to wait 
DX = Low count of number of microseconds to wait 
AH 00h 

BX SEMAPHORE OFFSET 

CX COUNT <31..16> 

DX COUNT <15..0> 


ES SEMAPHORE SEGMENT 


OUTPUT: 

If no previously defined event is active when Event 
Wait is called, then the function call returns with 
CF = 0. If a previously defined event is still 
active, then the function call returns with CF = 1. 


Bit 7 of the user's semaphore byte is not reset by 
this call prior to performing the Event Wait. 


The timing resolution of this call is 976 us, because 
RTC periodic interrupts are used to implement this 
function. 


INT 15h, AH=83h, AL=01h - CANCEL EVENT WAIT 


This function is used to cancel an Event Wait 
performed with the function INT 15h, AH=83h, AL=00h. 


INPUT: 
AH = 83h, AL = Olh 


Oth 


TTTTTTTLLT TTT AAT ATTA TATA. 


TLTTTTTLLT LTT TT TAT TTA TAD. 
A 


OUTPUT: None. 


AH 
BX 
CX 
DX 


AL 
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INT 15h, AH = 84h - JOYSTICK 


INT 15h, AH = 84h, reads the joystick switch settings 
and the joystick potentiometer values. This function 
assumes that a standard joystick interface is being 
used. Refer to the joystick documentation for 
further information. 


AH TITITTTTTTTTT TL | 


BXYILTITT LTT LT TLL TTT TATA ATL 
CXL TTT TTT LT TAT AAT 


DX 0000h 

OUTPUT: 

AH = 00h 

AL = Switch Settings (bits <7..4>) 
CF =0, IF=1 


AH SWITCHES 

BXL//IIIIIITTLITTIILL TLL TLALLL LLL | 
ee 
6 


BIT 
76543210 


| | | L111 9999 (Not used) 
Varies (joystick dependent) 


AL 


INPUT: 
AH = 84h 
DX = 0001h - Read Joystick Potentiometer 


AL 


AH TT 


BALI TT TTT LTT TL. 


4 
| tH 


DX 0001h 


OUTPUT: 

AX = A(x) Potentiometer (POT) Value 
BX = A(y) Potentiometer (POT) Value 
CX = B(x) Potentiometer (POT) Value 
DX = B(y) Potentiometer (POT) Value 
CF=0, IF=1 


AX 
BX 
CX 
DX 


For invalid joystick subfunction codes in DX, the 
BIOS returns AH = 86h, CF = 1, and IF = 1. 


Using a 250-kohm joystick, the range of returned 
values to be expected for the potentiometers extends 
from a low of 0 to a high of approximately 416 
(01A0h). If a game interface is not installed when 
these functions are invoked, appropriate values are 
still returned. That is, the values returned for the 
switches will be ls, meaning the buttons are open, 
and the values returned for the potentiometers will 
be Os. 
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INT 15h, AH = 85h - SYS REQ KEY ROUTINE 


When the Sys Req key is pressed, the keyboard 
interrupt handler invokes INT 15h with AH = 85h, 

AL = 00h. When the Sys Req key is released, the 
keyboard interrupt handler invokes INT 15h with 

AH = 85h, AL = Olh. The BIOS INT 15h Make and Break 
functions are actually default dummy routines. To 
make use of the Sys Req key, system software must 
trap these functions and provide a handler routine. 


Sys Req Key Pressed (Make): 


INPUT: 
AH = 85h 
AL = 00h (Make) 


AH 00h AL 
4 
1 


DX LTT LLL TLL AAT LTA. 


OUTPUT: 
AH = 00h 
CF=0, IF =i 


AL 


BX 
CX 
DX 


Sys Req Key Released (Break): 


AL = 01h (Break) 


Olh 
TITEL TTT TTT TAT TATA. 
TTTLTTTLLT TLL TTT ALT AAA ATL. 
TIELTLLTTT TTL TATA TATA TAA ATL. 


AL 


CF=0, IF=1 


TT 


TITTTELTT TTL. 
FITTTLLTLL TTT TATA AAA TL. 
LTT TTT TL. 


AL 


DX 


For invalid Sys Req key subfunction codes in AL, the 
BIOS returns AH = 00h, CF = 0, and IF = 1. 
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INT 15h, AH = 86h - UNCONDITIONAL WAIT INT 15h, AH = 87h - BLOCK MOVE 

INT 15h, AH = 86h performs an Unconditional Wait. INT 15h, AH = 87h moves (copies) a block of data 

Control does not return to the calling program until to/from anywhere in physical memory. INT 15h, 

the time period has expired. AH = 87h normally is used to move data to/from 

INPUT: expansion memory (past 1 MB) because Real mode 

epee addressing can only address the first 1 MB of RAM. 

CX = High count of number of microseconds to wait ; . : 

DX = Low count of number of microseconds to wait Block Move is performed with interrupts disabled, 
therefore the tick counter is not updated during the 


AH MMA 


AL move. 


5) INPUT: 
cx[ COUNT <31..16> | AM Th 
DX COUNT <15..0> CX = Number of words to move (max 8000h) 


ES:SI = Pointer to Block Move Descriptor Table 


OUTPUT: 
If CF = 0, the wait was actually performed | W220 Re 
= 1, the wait was not performed (that 1s, an BX TILTTITTTLTTL TTT TTT TATA TTT 
Event Wait was currently active) 4 WORD COUNT 
ir 0 Ginibenrupts: enabled) 4 


If an Event Wait (AH = 83h) is active when this 
function is called, then the wait is not performed SI DESCRIPTOR OFFSET 
and CF = 1. If an Event Wait is not active, then the 


function waits the specified time period and returns ES DESCRIPTOR SEGMENT 


with CF = 0. 


The resolution of this call is 976 us, because RTC 
periodic interrupts are used to implement this 
function. 


o_o 
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OUTPUT: 

AH = 00h if successful, IF = 1, CF = 0 

Qlh if parity error, IF = 0, CF = 1 

02h if exception error, IF = 0, CF =1 

03h if gate address bit A20 fails, IF = 0, 
CF =1 


Tn 
MIATA LAA. 
MALTA AAA LAA. 
MALL AL LALA LA AAA LALLL. 


AH AL 
BX 
CX 


DX 


The following table gives the format of the Block 
Move Descriptor Table pointed to by the ES:SI 
registers. 


Entries [0], [1], [4], and [5] in the global 
descriptor table (GDT) should all be initialized by 
the caller to 8 bytes of 00h each. Entries [2] and 
[3] must be valid descriptors containing the 
appropriate base addresses, limit values, and access 
rights. 


GDT [0] 
GOT [1] 
GDT [2] 
GDT [3] 
GDT [4] 
@DT [5] 


INT 15h, AH = 88h - EXPANSION MEMORY DETERMINATION 


Returns the amount of memory above 1 MB. This amount 
does not include the COMPAQ Built-in Memory or the 
128 KB of memory reserved for system use. 


INPUT: AH = 88h 


TT 


LITTLE TTT ALTA TATA TTT. 
FTTTTTTTLLT LTT LALA TATA TTT. 
LLITTTLTLT TTT TATA ATT AAA ATT TL. 


AH AL 


DX 


OUTPUT: AX = Number of 1-KB blocks above 1 MB. Flags 
are unaffected. 


AX EXTENDED MEMORY SIZE 

BXY///ITLILTT TTT TLL LATTA LT. 
CXL TTT LTT ATLA. 
DXI/ITLITTTLT LTT TTT ATTA LTT. 


INT 15h, AH = 89h - ENTER PROTECTED MODE 


Upon return from the function call, the caller is 
executing in Protected mode. Address line A20 is 
enabled, and both Interrupt Controller 1 and 
Interrupt Controller 2 are reconfigured to use the 
interrupt base as specified by the user in registers 
BH and BL, respectively. 


Interrupts are disabled at the processor level, and 
the interrupt mask registers (IMR) of both Interrupt 
Controller 1 and Interrupt Controller 2 are also 
disabled upon return. A completion code is returned 
in register AH. If AH returns with a value of 00h, 
then transition to Protected mode has completed 
successfully. A non-zero value in AH signifies that 
the gate for address line A20 could not be enabled 
(due to hardware failure) and the caller is still 
executing in Real mode. 
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INPUT: 
AH = 89h 
BH = Interrupt base for IRQO 


BL 
ES# 


AH TT 
BH IRQ8_BASE 


CX ITT TTT TTT TTL TTT TT 
DXA TTT TTT TT. 


SI DESCRIPTOR OFFSET 
ES DESCRIPTOR SEGMENT 


The following table gives the format of the Block 
Move Descriptor Table pointed to by the ES:SI 
registers. 


Interrupt base for IRQ8 
I = Pointer to descriptor table 


mini wl 


AL 
BL 


GOT [0] 
GOT [1] 
GOT [2] 
GOT [3] 
GOT [4] 
GOT [5] 
GOT [6] 
GOT [7] 


Entries [0] and [7] should be initialized to zeros 
(null) by the caller. Entry [1] MUST contain the 
base address and limit for the GDT itself. Entry [2] 
must be initialized with a base address and a limit 
that points to an interrupt descriptor table (IDT) 


Se 
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supplied by the caller. The caller must also supply INT 15h, AH = 90h - DEVICE WAIT 
all interrupt handlers. 


Entries [3], [4], and [5] contain the base address, INT 15h, AH = 90h can be used for multitasking 


limit, and access rights of the DS, ES, and SS to be programming purposes. 
used in Protected mode. 
INPUT: 
The base address of entry [6] should be the caller's AH = 90h 
code-segment address expressed as a 24-bit base AL = Type code 
address since the function call expects to return to 00h..7Fh Not re-entrant 
the instruction following the INT 15h instruction. 80h.-BFh. Re-entrant 
COh..FFh Wait only 

OUTPUT: — ES:BX = Pointer to request block for device types 
AH = 00 if OK 80h. .BFh 

= FFh if A20 gate fails oe : 
DS = User-defined selector 
ES = User-defined selector | UYRESCODE AL 
SS = User-defined selector BX REQUEST BLOCK OFFSET 
CS = User-defined selector CXS TTT TTT LTT TTT TTT TATA TTT. 
Ail RRR, TTT AL DX 


BH 
CX 


LITT TLL TATA TAT 
TTT TTL TAT TLL TTA TTA. 


ES REQUEST BLOCK SEGMENT 


DXA TTT TLL TLL TTL. 
DS DATA SELECTOR 
ES EXTRA SELECTOR 
SS STACK SELECTOR 
cS CODE SELECTOR 
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OUTPUT: 
AH = 00h 
CF=0, IF=1 


AH MATA 


GA 
CXYIITTT TTT TT TTT LATA ATL 
DXPAIITLIILL TTL TTL TTL TATA TTL. 


AL 


The fixed disk, diskette, printer, and keyboard ROM 
drivers all make a call to Device Wait prior to 
performing a timeout so that a user-written 
dispatcher can place another task in execution while 
the device timeout is taking place and, therefore, 
achieve better processor throughput. 


The ROM device driver tests the CF flag to determine 
whether the dispatcher has performed the timeout or 
if the ROM driver should perform its usual timeout. 
If CF = 1 upon return from the Device Wait function 
call, the ROM driver assumes a dispatcher has 
performed the device timeout; otherwise, the usual 
timeout is performed by the ROM device driver. 


If Device Wait is not trapped by a user-written 
dispatcher, then its usual function is to return 

AH = 0, CF = 0, IF = 1, regardless of the type code 
in AL, effectively telling the ROM driver to perform 
its own timeout. 


INT 15h, AH = 91h - DEVICE POST 


This function may be used for multitasking 
programming purposes. 


INPUT: 
AH = 91h 
AL = Type Code 


00h..7Fh Not re-entrant 
80h..BFh Re-entrant 
COh..FFh Wait only 


ES:BX = Pointer to request block for device types 


80h. .BFh. 
AH TYPE CODE__| AL 
BX REQUEST BLOCK OFFSET 


CXLLITTT TTT TTT TTT TT TAT TATA. 
DX IIIT TTT TTT TTT TLL TATA TL. 


ES REQUEST BLOCK SEGMENT 


OUTPUT: 
AH = 00h 
Flags unaffected 


AH MATA. 
BX 
CX 
OX 


AL 


a i ee, 
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This function call is invoked by BIOS device handlers 
that are interrupt driven, which include the fixed 
disk, diskette, and keyboard drivers. 


Not 
Re-entrant 


00h. .7Fh 


The printer BIOS code does not invoke this function 

since printer devices are not interrupt driven. The 
Device Post supplies the mechanism to signal a user- 
written dispatcher that the device is ready and that 
the task associated with the device can be placed in 
execution once again. 


The BIOS communications functions do not invoke 
either the Device Wait or the Device Post function 
call. Although communications I/0 is not interrupt 
driven, timeouts are performed during communications. 


80h..BFh Re-entrant 


If the Device Post function is not trapped by a user- 
written dispatcher, then its usual function is to 
clear AH and return with the flags unchanged, 
regardless of the type code supplied in AL. The 


Type Code Class Description 


The device and associated 

ROM code is not serially 
reusable (that is, not re- 
entrant). It is the 
responsibility of the user- 
supplied dispatcher to 
serialize access within a 
multitasking environment. An 
example of this type of device 
is a diskette drive. 

The device type is re-entrant, 
and ES:BX is used to supply 
the address of a request 
packet for each of the 
possibly simultaneous calls. 
An example of this type of 
device is an installable 
device driver for 

network access. 


following table lists the type codes and their 


..FFh 
descriptions. oem 


Wait-only 


This type of device performs 
timeouts, but is not interrupt 
driven. Therefore, a Device 
Wait is executed, but there is 
no corresponding Device Post. 
The length of the timeout is 
device dependent. The printer 
is an example of this device 


type. 
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When Device Wait and Device Post are invoked by the 
ROM device drivers, the specific device type is 
supplied in AL as given in the following tabulation: 


Device AL Value 
Fixed Disk Access 00h 
Diskette Access Olh 
Keyboard 02h 
Diskette Motor Start FDh 
Printer FEh 


For fixed disk and diskette accesses, a Device Wait 
is performed by the BIOS whenever a request is issued 
to the disk(ette) controller, and a Device Post is 
performed when the controller issues the interrupt 
signaling the completion of the request. For 
diskette motor start, there is no interrupt 
signifying motor start completion, so there is no 
corresponding Device Post. 


The Get Key keyboard function (INT 16h, AH = 00h) 
performs a Device Wait if there is currently no 
character available in the keyboard queue. A Device 
Post is performed by the keyboard BIOS interrupt 
handler once a keycode is placed in the keyboard 
queue. 


The Print Character BIOS function (INT 17h, AH = 00h) 
performs a Device Wait if the printer device is not 
currently ready to accept a character, and a timeout 
must be performed. 
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INT 15h, AH = COh - RETURN SYSTEM ENVIRONMENT 


This function is used to request the system environment from the BIOS. Registers ES:BX return a pointer to a table 
containing various system configuration parameters. 


INPUT: 
AH = COh 


OUTPUT: 
ES:BX = Pointer to system configuration table. 


System configuration table is as follows: 


Byte in Table Parameter Parameter Size Typical Value 
0 Length of table -(in bytes) Word 8 
2 System Model Byte FCh 
3 System Type Byte 01H 
4 BIOS Revision Level Byte 00H 
70h 


5 Misc. Configuration Parameters Byte 
bit 7 - DMA Channel 3 in use 
bit 6 - Cascaded Interrupt level 2 
bit 5 - Real-time clock available 
bit 4 - Keyboard intercept available 
bits <3..7> - Reserved 


6 Reserved Byte 00h 
00h 


7 Reserved Byte 
8 Reserved Byte 00h 
9 Reserved Byte 00h 
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INT 18h - SW - BOOT FAIL 


When system bootstrap attempts from both the diskette 
and fixed disk are unsuccessful, an INT 18h is issued 
by the system ROM. 


ROM ENTRY: Points to Boot Fail handler. 


ROM ACTION: This vector is initialized by the system 
ROM to point to the code that outputs a “Diskette 
error’, "Replace and press any key when ready” 
message, then waits for the user to press any key. 
Upon receipt of a keystroke, a re-boot is attempted 
by issuing an INT 19h. 


USE: The initialization code of an option ROM may 
change the INT 18h vector to point to custom-ROM code 
that attempts to boot from another device, such as a 
special disk or network. The contents of the INT 18h 
vector should be saved. If the attempt to boot the 
system on another device fails, the custom ROM should 
transfer control to the standard INT 18h vector. In 
this manner, the system can follow a sequence of 
bootstrap attempts on different devices. 


INT 19h - SW - BOOTSTRAP 


INT 19h reads the bootstrap loader from the system 
disk and transfers control to it. 


ROM ENTRY: Points to Bootstrap ROM entry point. 


ROM ACTION: Enables interrupts. Three attempts are 
then made to read the boot sector into location 
0000:7C00. If these fail, INT 18h is called. 


If the read is successful, control is transferred to 
0000:7C00. 


INT 02h - HW - NON-MASKABLE INTERRUPT (NMI) 


INT 02h occurs when the system detects a memory 
parity error, a failsafe timer interrupt or an 80287 
coprocessor fault. Generally routines that handle 
coprocessor exceptions or fail-safe timer events trap 
the NMI interrupt vector to handle these events. The 
ROM BIOS contains support only for detection of 
parity errors. 


ROM ENTRY: Points to ROM INT 02h handler. 

ROM ACTION: When an NMI interrupt occurs, the status 
of the parity error hardware latch is examined to 
determine the source of the parity error. The system 


displays a "PARITY CHECK 2" error message, then 
halts. 


INPUT: State of the hardware parity error latches. 
OUTPUT: Video display (if parity error). 


—_— 
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4.9 DISKETTE INTERRUPTS 


All communication between the user and the diskette 
drive is via a single ROM call (INT 13h). The user 
can perform any of the following functions: read 
status, reset diskette, read sectors, write sectors, 
verify sectors, format a track, get drive type, get 
change line status, and set drive type for format. 


The diskette drive BIOS uses INT OEh (IRQ6) and DMA 
Channel 2 of the system. Usage of the diskette drive 
controller is defined in the diskette drive parameter 
table. 


When the system contains a fixed disk drive, INT 13h 
interrupts for drive select less than 80h are 
vectored to INT 40h. 


Common Operations 


Determining Media in a 1.2-MB 
Diskette Drive 


On entry to the diskette drive routines that access 
the diskette (read/write/verify), a check is made of 
the media state for the target diskette drive. If 
the media state is established, then processing 
continues normally. If the media state is not 
established, a process internal to the BIOS 
determines the type of media installed. 


Changing a Diskette 


DISKETTE CHANGE- is a status signal from the 1.2-MB 
diskette drive that indicates when the drive latch 
has been opened. This signal is always inactive on 
double-density (360-KB) diskette drives. 


INT 13h, AH = 16h returns status of the DISKETTE 
CHANGE- signal of the diskette drive currently 
selected. On return, AH = 00h, CF = 0, means the 
DISKETTE CHANGE- signal is inactive (door has not 
been opened) or AH = 06h, CF = 1, the DISKETTE 
CHANGE- signal is off (door has been opened). 


Whenever an access of the diskette drive for read, 
write, verify, or format is requested by a BIOS 
interrupt, the BIOS checks the DISKETTE CHANGE- 
signal status. If the DISKETTE CHANGE- signal is 
active (door has been opened), the ROM checks to see 
whether the door is still open. 


If the door has been closed, then a DISKETTE CHANGE- 
Signal On error (AH = 06h) is returned. If the door 
is still open, then an Attachment Failed to Respond 
error (AH = 80h) is returned. 


The media state for the drive (0040:0090 or 
0040:0091) is set to unestablished (48-TPI media in a 
1.2-MB diskette drive) whenever the drive door is 
opened. The system then determines the type of media 
installed with the next diskette access. 
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Table 4-17. Diskette Drive Interrupts 


Formatting a Diskette in the Interrupts 
1.2-MB Diskette Drive Available Type Function 
INT 13h SW Diskette 1/0 

To properly format a diskette in a 1.2-MB diskette INT 40h SW Diskette 1/0 

drive, a Set Drive Type for Format (INT 13h, INT OEh HW IRQ6, Diskette Interrupt 
AH = 17h) should be made first. This function sets INT 1Eh~+~=PTR.~~—~Ss*«é«éS i skette Parameter Table | 
the media state for the diskette drive to be Neder INT 18h fe-used for fined dick drive funekions. 
established’. If this function call is not made, Additional AH functions exist for Fisad disk 


then the format of the diskette is based upon the 
current media state (established or not) of the 
diskette drive. 


Tables 4-17 and 4-18 list the BIOS diskette drive 
interrupts and memory locations used. 


a A a a = 
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Table 4-18. Memory Locations Used by Diskette Drive 
Interrupts 


Memory 
Location Bytes Function 


0000:0038 4 INT OEh Vector 

0000:004C 4 INT 13h Vector 

0000:0078 4 INT 1Eh Vector 

0000:0100 4 INT 40h Vector 

0040:003E 1 Drive Recalibration Status: 
Bits <3..0> = drives 4..1 if 
bit = 0, drive needs recalibration. 
Bit 7 = Interrupt Occurred flag 

0040:003F 1 Motor Status bits <3..0> = 
Drive 4..1 is running 

0040:0040 1 Timeout Counter for Drive Motor 
turn off after 2 seconds of tick 
counts (37 ticks) 

0040:0041 Diskette Status 

0040:0042 7 Drive Controller Status 

0040: 008B Last Data Rate Selected - this 
byte reflects the last media 
state (that is, if Drive A was 
accessed last, then this byte 
is the same as the media state 
byte of Drive A, 0040:0090). 

0040:008F 1 Fixed Disk Drive Controller Board 


Installed - bit 0 = 1 if installed. 
(Continued) 


Table 4-18. Memory Locations Used by Diskette Drive 


Interrupts (Concluded) 


Memory 

Location Bytes Function 

0040:0090 1 Drive A Media State Byte 
0040:0091 1 Drive B Media State Byte 


0040:0092 1 Drive A Operation Start State 


0040:0093 1 Drive B Operation Start State. 
The Operation Start State is the 
starting media state when a 
diskette drive operation begins. 

0040:0094 1 Drive A Current Track Bytes 

0040:0095 1 Drive B Current Track Bytes of 


Drive A and Drive B--when 
48-TPI media is in a 1.2-MB 
diskette drive, this byte is twice 
the actual track (for example, with 
Drive A head on cylinder 2, byte 
0040:0094 contains 4). 
Note: During a write operation, if a diskette drive 
parameter table specifies a head-settle time 
of less than 15 ms for a 1.2-MB diskette drive, 
or 20 ms for a 360-KB double-density diskette 
drive, then 15/20 ms is used. In addition, a 
motor-settle time of 1 second is used for a 
write or format operation and 625 ms for a read 


or verify. 
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The following bit map shows the format of the 
diskette drive media state byte defined in memory 
locations 0040:0090 or 0040:0091. 


BIT 
76543210 
—— Media/Drive 
000 = 48-TPI, 360 KB (unestablished) 
001 = 48-TPI, 1.2 MB (unestablished) 
010 = 96-TPI, 1.2 MB (unestablished) 
011 = 48-TPI, 360 KB (established) 
100 = 48-TPI, 1.2 MB (established) 
101 = 96-TPI, 1.2 MB (established) 
110 = Not used 
111 = Not used 
Reserved 


Media/Drive Established 
Double Step Required 


Data Transfer Rate 


00 = 500 kilobits/second 
01 = 300 kilobits/second 
10 = 250 kilobits/second 
11 = Reserved 


Table 4-19 summarizes possible status codes returned 
for every possible diskette drive operation (listed 
by function code in AH). Table 4-20 lists the error 
codes. 


Table 4-19. Diskette Drive Status Codes Returned 


AH Error Code 
Func 00h 01h 02h 03h 04h O6h 08h 09h 10h 20h 40h 80h 


00h x x x 


Olh x x 
02h x x x x x x x xX xX 
03h x x x xX =X =X =X x x Xx 
04n x x xX x 1% x x x xX xX 
Osh x x * x x xX _x* xX x *« xX 
15h x =x 
16h x x 
7h x x 


Table 4-20. Diskette Drive Error Codes 


Code Meaning 

00h Successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

03h Write Protected Media 

04h Requested Sector Not Found 

06h DISKETTE CHANGE- Signal Active 
08h DMA Overrun on Operation 


09h DMA Attempted Across 64K Boundary 
10h Bad CRC on Diskette Read 


20h Controller Has Failed 
40h Seek Operation Failed 
80h Drive Failed to Respond 
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INT 13h - SW - Diskette 1/0 


All communication between the user and the diskette 
drive is via a single ROM call. The diskette drive 
BIOS uses INT OEh (IRQ6) and DMA channel 2 of the 
system. Usage of the diskette/tape drive controller 
is defined in the diskette drive parameter table (see 
INT 1Eh). 


Function Summary 

AH — Function 

00h Reset Disk System 

Olh Read Status of Last Operation 
02h Read Sectors 

03h Write Sectors 

04h_ Verify Sectors 

05h Format Track 

15h Get Type of Drive 

16h_ Read Disk Change Line Status 
17h_Set Drive Type for Format 


ROM ENTRY: Points to disk I/0 routine that dispatches 
to either the fixed disk (if present) drive BIOS or 
to INT 40h for diskette drive BIOS. 


ROM ACTION: Upon entry, control is transferred to one 
of nine routines based on the function code in 
register AH. Illegal function codes cause the 
routine to report a Bad Command error and return. 


INT 15h, AH = 90h is called when the diskette drive 
BIOS is waiting for completion of a command. 


INT 13h, AH = 00h - RESET DISKETTE DRIVE SYSTEM 


INT 13h, AH = 00h resets the diskette drive system. 


INPUT: 
AH = 00h 
DL = Drive Select (0..1) 


AH TT 


BXP/IILILTTLT LTT LT LALLA TAT LTT TL. 
CXYILITTTTT TTT TTT LT TTT TATA TT. 


DHY//ILTTLLLLTLL LTT DRIVE 


OUTPUT: 
If CF = 0, AH 
If CF = 1, AH 


ITLL. 


TTL TTT. 
TUTTI TATE. 
TITTLE TLL TTT TATA TT. 


AL 


DL 


00h (Successful Completion) 
Status, Operation Error 


il} 
i} 


AH AL 
BX 
CX 


DX 


The Reset Diskette Drive System function call is 
usually performed after a read, write, verify, or 
format error before retrying the operation. 


INT 13h, AH = Olh - SENSE STATUS OF LAST OPERATION 


01h returns the status of the last disk 


INT 13h, AH 
operation. 


INPUT: 
AH = Olh 
DL = Drive Select (0..1) 


Tn 


LITT TTT TTT TT TATA AAA ATT 
FTTTTLL TTT TT TAT AAA TT TT. 


SITTITITTTL TT TTT DRIVE 


OUTPUT: 
If CF 
CF 


AH STATUS 


AM 
CXS TTT TTT ATT TATA TAT TL. 
DXY/ITITTTTT TTT TAT TT LTT A TATA TL. 


AH AL 
BX 
CX 


DH 


DL 


0, 00h (Successful Completion) 
1, AL = Status, Operation Error 


AL 
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INT 13h, AH = 02h - READ SECTORS 


INT 13h, AH = 02h reads the specified number of 
sectors into the buffer pointed to by the ES:BX. 


INPUT: 

AH = 02h 

AL = Sector Count - Number of sectors to be read by 
this operation. 

ES:BX = Buffer Transfer Address 

CH = Track (0..39 for 48-TPI media or 0..79 for 
96-TPI media) 


CL = Starting Sector (1..9 for 48-TPI media or 1..15 
for 96-TPI media) 

DH = Head Select (0..1) 

DL = Drive Select (0..1) 


AH AL 
BX BUFFER OFFSET 

CH] TRACK ~—| START SECTOR | CL 
DH HEAD DRIVE DL 


ES BUFFER SEGMENT 


Seen Ee 
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OUTPUT: 
If CF = 0, AH = 00h (Successful Operation) 
If CF = 1, AH = Status, Operation Error 


Tae 
TIT LAAATTTT 
LITT. 


EE 


AH 
BX 
CX 
DX 


The maximum sector count is dependent upon the media 
type installed. The maximum sector count for 48-TPI 
media is 18 sectors (9 sectors from head 0, and 9 
sectors from head 1) and for 96-TPI media, 30 
sectors (15 sectors from head 0 and 15 sectors from 
head 1). 


The diskette drive parameter table (pointed to by 

INT 1Eh) must reflect the type of media installed for 
correct operation (that is, sectors/track in the 
diskette drive parameter table must be 9 for 48-TPI 
media and 15 for 96-TPI media). Responsibility for 
the contents of the diskette drive parameter table 
lies with the user of INT 13h. 


INT 13h, AH = 03h - WRITE SECTORS 


INT 13h, AH = 03h writes the specified number of 
sectors onto the diskette using the data pointed to 
by ES:BX. 


INPUT: 

AH = 03h 

AL = Sector Count - Number of sectors to be written 
by this operation. 

ES:BX = Buffer Transfer Address 

CH = Track (0..39 for 48-TPI media or 0..79 for 

96-TPI media) 

Starting Sector (1..9 for 48-TPI media or 

1..15 for 96-TPI media) 

DH = Head Select (0..1) 

DL = Drive Select (0..1) 


CL 


AH| ss 03h_~—s|s SECTOR COUNT | AL 
BX BUFFER OFFSET 

cH cL 
DH] HEAD. ~——i|_CDRIVE DL 


ES BUFFER SEGMENT 


Leanne ee EEE 


OUTPUT: 
If CF = 0 AH = 00h (Successful Completion) 
If CF = 1 AH = Status, Operation Error 


MATA. 


FIT TTTTLT TTL TL. 
LITTLE TTT LTT ATTA ATLA TT. 
TIETTTTTT TTT ATTA TTT AAA TTT. 


AL 


AH 
BX 
CX 
DX 


The maximum sector count is dependent upon the media 
type installed. The maximum sector count for 48-TPI 
media is 18 sectors (9 sectors from head 0, and 9 
sectors from head 1) and for 96-TPI media, 30 sectors 
(15 sectors from head 0 and 15 sectors from head 1). 


The diskette drive parameter table (pointed to by 

INT 1Eh) must reflect the type of media installed for 
correct operation (that is, sectors/track in the 
diskette drive parameter table must be 9 for 48-TPI 
media and 15 for 96-TPI media). Responsibility for 
the diskette drive parameter table lies with the user 
of INT 13h. 
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INT 13h, AH = 04h - VERIFY SECTORS 


INT 13h, AH = 04h verifies the specified sectors on 
the diskette. Sector verification checks the sector 
ID and data for CRC errors. 


AH = 04h 

AL = Sector Count - Number of sectors to be verified 
by this operation. 

CH = Track (0..39 for 48-TPI media or 0..79 for 
96-TPI media) 

CL = Starting Sector (1..9 for 48-TPI media or 1..15 

for 96-TPI media) 

Head Select (0..1) 

Drive Select (0..1) 


AH SECTOR COUNT 

BX 
cH 
DH 


OUTPUT: 
If CF 
If CF 


AL 


CL 
DL 


00h (Successful Completion) 
Status, Operation Error 


ou 
ee 
> 
== 

tou 


AH AL 
BX 
CX 


DX 


ee SS h— ee 
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The maximum sector count is dependent upon the media 
type installed. The maximum sector count for 48-TPI 
media is 18 sectors (9 sectors from Head 0, and 9 
sectors from Head 1) and for 96-TPI media, 30 sectors 
(15 sectors from Head 0 and 15 sectors from Head I) 


The diskette drive parameter table (pointed to by 

INT 1Eh) must reflect the type of media installed for 
correct operation (that is, sectors/track in the 
diskette drive parameter table must be 9 for 48-TPI 
media and 15 for 96-TPI media). Responsibility for 
the diskette drive parameter table lies with the user 
of INT 13h. 


INT 13h, AH = 05h - FORMAT TRACK 


INT 13h, AH = 05h writes the sector and track ID 
information onto the specified tracks. 


INPUT: 

AH = 05h 

AL = Sector Count - Number of sectors per track. 

ES:BX = Address of format table 

CH = Track (0..39 for 48-TPI media or 0..79 for 
96-TPI media) 

DH = Head Select (0..1) 

DL = Drive Select (0..1) 


AH{ —-05h_~——sdYs SECTOR COUNT | AL 
BX| OFFSET OF FORMAT TABLE 

CH} TRACK | S/ASISSISLIT ALL | CL 
DH] HEAD DRIVE DL 


ES: SEGMENT OF FORMAT TABLE 


The diskette drive table (pointed to by INT 1Eh) must 
reflect the type of media installed for correct 
operation (that is, sectors/track in the diskette 
drive parameter table must be 9 for 48-TPI media and 
15 for 96-TPI media). Responsibility for the 
diskette drive parameter table lies with the user of 
INT 13h. 


ee eee 
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Track Format Table: 


Offset Value 


+00h Track 

+01h Head 

+02h Sector 1 

+03h N = bytes per sector, diskette drive 


controller 765 parameter 
+04h Track 


+06h Sector 2 
+07h N = bytes per sector, diskette drive 
controller 765 parameter 


00h (Successful Completion) 
Status, Operation Error 


TT 
MITA LAAT AAT 


UMM MATT TT 
FULT TTT 


(=) 
> 
= 

nou 


AH 
BX 
CX 
DX 


AL 


Before formatting a diskette, one INT 13h, AH = 17h 
function call should made to set the diskette type 
for format. 


INT 13h, AH = 15h - GET DRIVE TYPE 


INT 13h, AH = 15h returns the drive type for the 
specified drive. 


INPUT: 
AH = 15h 
DL = Drive Select 


AH IIIT | AL 


BXVSITTTLT TTT TTT TATA TTT LTT 
CXL TTT ATT TT TTT. 


DHT 1|__—_DRIVE ——_—_—i OL 


OUTPUT: 
If CF = 0, AH = Type of Drive 
If CF = 1, Bad Command (Invalid Drive) 


IMAL. 


FTTTLELTTT TTT TATA TAA TAT TTT 
TTT TTT TLL TATA AAT TT. 
ITT TTT TA AAT. 


AL 


AH 
BX 
CX 
DX 


The following table lists the AH values for drive 
types: 


AH Meaning 
00h Drive not installed 
Olh Diskette drive without DISKETTE CHANGE- signal 


02h Diskette drive with DISKETTE CHANGE- signal 
03h Fixed disk drive 


ee UEEEIEEEEEIEEEEEESEEEEESEEEEEEEEEEEEEeee 
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INT 13h, AH = 16h - GET DRIVE DISKETTE CHANGE- 
SIGNAL STATUS 


INT 13h, AH = 16h returns the status of the DISKETTE 
CHANGE- signal from the specified diskette drive. 


AH = 16h 
DL = Drive Select (0..1) 


AH MITTAL | AL 


BYYLILILL TILT ATT TLL TATA LTT. 
CXL TTT LTT LT TAAL ALT. 


DHYSSLTTLTL LLL TTT. DRIVE DL 


OUTPUT: 

If CF = 0, AH = 00h DISKETTE CHANGE- signal inactive 
(door has not been opened) 

If CF = 1, AH = Olh Bad command (invalid drive) 

If CF = 1, AH = 06h DISKETTE CHANGE- signal active 
(door has been opened) 


AH STATUS TTTTTTITTTTT TTT | AL 
3) VA 
CXILIIITLTTTTT TTT TTT TATA TTT. 
DXY/SLLLTITITTT TTL TTL A ATT. 


INT 13h, AH = 17h - SET DRIVE TYPE FOR FORMAT 


INT 13h, AH = 17h specifies the type of media drive 
currently in the diskette drive position (0 or 1). 

This function is used by the Format command to set 

the type of media installed. 


INPUT 
AH = 17h 
AL = Drive Type 


Oih - Double-Density Drive 

02h - 48-TPI Media in High-Capacity Drive 

03h - 96-TPI Media in High-Capacity Drive 
DL = Drive Select (0..1) 


17h TYPE AL 
A 
TT 


MITTAL A|_———_DRIVE —_| 


OUTPUT: 
If CF = 0, AH = 00h, (Successful Completion) 
If CF=1 = Olh, Bad Command (Invalid Drive) 


MMM 


LTT TTT TTT TLL. 
LTLLLTTTTT TALL ATTA TTA LT. 
TITTLE TTT TAA LATA ATT 


AH 
BX 
CX 
DH 


DL 


AH AL 


DX 


Before formatting a diskette, one INT 13h, AH = 17h 
call should be made to set the diskette type for 
format. 
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INT 40h - SW - DISKETTE DRIVE 1/0 


Calls to INT 13h for diskette drive operations (as 
determined by the Drive value in register DL) are 
vectored to INT 40h for actual diskette drive BIOS 
processing only if a fixed disk is installed. Ifa 
fixed disk drive is not installed, INT 40h points to 
an interrupt return. Therefore, INT 40h behaves 
identically to INT 13h when used for diskette drive 
operations. Refer to INT 13h for information on all 
INT 40h functions. 


INT OEh - HW, - IRQ6, DISKETTE DRIVE INTERRUPT 
- CPU - PAGE FAULT 


INT OEh is initiated by the diskette drive controller 
at the completion of an operation. This interrupt is 
also used by the CPU to generate Page Faults. 


ROM ENTRY: Points to ROM Diskette Drive Interrupt 
handler. 


ROM ACTION: Calls made to the ROM using INT 13h for 
diskette drive I/0 are suspended internally until 
INT OEh occurs, signifying completion. 


USE: The vector for this interrupt may be changed to 
intercept diskette drive I/0 operations for special 
real-time operating system requirements. 
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INT 1Eh - PTR - DISKETTE DRIVE PARAMETER TABLE VECTOR 


The vector for this interrupt points to a diskette drive parameter table used to program the diskette drive 
controller chip (765). Refer to either the NEC765 or Intel 8272 disk controller specification for more 
information. The diskette drive parameter table is organized as follows: 


1 ke 8) a se, WhO Default Comments 
STEP RATE (SRT)}} HEAD UNLOAD(HUT) DFh SRT = 1..16-ms (F=1,E=2); HUT = 16..240 in 16-ms increments 
| HEAD LOAD TIME | DMA—'|- O2h HLT = 2..254 in 2-ms increments; DMA = 0 for DMA mode 
25h Wait time in 18.2065-Hz ticks; motor-off time is 2 seconds 
ieee aaa N= 0, 1, 2, 3 for sector length = 128, 256, 512, 1024 
OFh Default is 15 sectors/track 
18h 
FFh Or sector length, if N = 0 
50h Used by Format command 
F6h Used by Format command 
OFh Wait 15 ms for head to settle 
08h Wait 1000 ms for motor to come up to speed 


ROM ENTRY: Points to ROM Default Diskette Drive Parameter Table. 
ROM ACTION: Not applicable. 

INPUT: See above. 

OUTPUT: None. 

USE: May be used to read/write other diskette formats. 


rn a i 


4.10 PRINTER INTERRUPTS 


The printer BIOS provides a simplified interface to 
the parallel printer ports. Functions are provided 
for initializing a printer, printing characters, and 
reading the printer status. 


Printer BIOS operation is not interrupt-driven; 
however, a Device Wait interrupt (INT 15h, AH = 90h, 
AL = FEh) is supported internally and is executed if 
the printer is not ready when the Print Character 
function is called. Printer interrupt IRQ7 (INT OFh) 
is available for systems software. 


During power-on, the BIOS searches for parallel 
printer interfaces at three, standard, port locations 
(3BCh, 378h, and 278h). When an interface is found, 
the BIOS places the printer port base address in BIOS 
memory, beginning at 0040:0008. Therefore, when 
programming a printer port, the recommended practice 
is to use the address extracted from the table in 
BIOS memory instead of a hardcoded address. 


In addition to being directly callable by 
applications software, the Print Screen function 

(INT 05h) is invoked by the keyboard BIOS when 

Shift + PrtSc is pressed on an 84-key keyboard or the 
Print Screen is pressed on an enhanced keyboard. INT 
05h repeatedly invokes INT 17h for each character. 
Characters in every position on the screen are sent 
to the printer without suppressing trailing blanks. 

A flag in BIOS RAM at location 0040:0100 contains the 
print screen status. 
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Printer BIOS provides a timeout function whose length 
is programmable by the user. A 4-byte table in BIOS 
memory beginning at 0040:0078 is reserved for setting 
the timeout values for each parallel printer port. 
These timeout values are initialized to 20 during 
power-on, and may be set from 1 to 255. Each 
increment is approximately 1 second. 


Table 4-21 lists the BIOS printer interrupts. 
Table 4-22 lists the memory locations used. 


Table 4-21. Printer Interrupts 


Interrupts 


Available Type Function 


INT 05h SW Print Screen 
INT 17h SW Printer I/0 
INT OFh HW IRQ7, Printer 


Interrupt 


4-82 Technical Reference Guide 


Table 4-22. Memory Locations Used by Printer INT 05h - SW, CPU - PRINT SCREEN 
Interrupts 

Memory INT 05h is initiated by explicitly executing an 
Location Bytes Function INT 05h instruction (for Print Screen). This 
0000:0014 4 INT 05h Vector interrupt is also used by the CPU to generate a fault 
0000:003C 4 INT OFh Vector when the limits specified in the BOUND instruction 
0000:005¢ 4 INT 17h Vector arerekeredes 

0040: i 

oho 0008 2 Bas Sungate sade is Eelnteualonee ROM ENTRY: Points to ROM Print Screen handler. 
0040:000A 2 Base Address of Printer Port 1 

0040:000C 2 Base Address of Printer Port 2 ROM ACTION: Interrupt routine is called by the ROM 
0040:000E 2 Base Address of Printer Port 3 keyboard handler when the Shift + PrtSc keys are 
0040:0078 1 Timeout for Printer Port 0 pressed on a standard keyboard or the Print Screen 
0040:0079 1 Timeout for Printer Port 1 key is pressed. INT 05h uses INT 10h to read the 
0040:007A 1 Ta mesltroreP intempo rtn? screen and INT 17h to send characters to the printer. 
0040:00 i i 

a aOLaTae : Timeout aor Printer fortes When INT 05h is called, the current cursor position 

ot Print Screen Status is saved. The cursor position is restored when the 


printing is complete. Address 0040:0100 contains the 
status of the Print Screen operation; 00h = Print 
Screen Not In Operation (or successful completion of 
a print screen call); 01h = Print Screen Is In 
Progress. A value of FFh is returned if a timeout is 
detected. If the printer is offline or is not ready, 
the Print Screen function will timeout in one 
character time. 


If another Print Screen call is attempted while a 
Print Screen is in progress, it is ignored. Trailing 
spaces are not compressed. All registers are 
preserved. INT 05h runs with interrupts enabled. 


INPUT: None. 


OUTPUT: 0040:0100 = Status of Print Screen. 


USE: An applications program may use it to request a 
hardcopy of the display. This vector is normally 
changed for enhanced screen functions such as 
handling graphics screens, special printers, and 
redirecting output to files. 


A replacement INT 05h handler can determine the 
source of the interrupt by examining the 2 bytes 
previous to the instruction pointed to by the return 
address on the stack. If the bytes are CDh, 05h, 
then the source of the interrupt is an INT 05h. 


The Print Screen function conforms to the printer 
timeout variables the same as to the Print function. 
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INT 17h - SW - PRINTER 1/0 


INT 17h is called to perform all functions related to 
Printer I/0. 


ROM ENTRY: Points to Printer I/0 ROM entry point. 


ROM ACTION: Upon entry, control is transferred to one 
of three routines (listed below) based on the 
function code in register AH. Illegal function codes 
cause control to simply return. All registers except 
those returning a value are preserved. 


Function Summary 


AH Action 

00h Print Character 
Olh_ Initialize 

02h Get Status 


Interrupts remain enabled. 


Functions and their related parameters are 
individually described on the following pages. 
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INT 17h, AH = 00h - PRINT CHARACTER 


INT 17h, AH = 00h writes the specified character to 
the printer. 


= 00h 
AL = Character to be printed (00h. .FFh) 
= Printer Port Number (0..3) 


AH] __—-00h_~—s|~—sCHARACTER | AL 


BXVLITLTTT TTT LTT TTT TT TAAL TTT 
CXL LTT TATA. 


DX PRINTER PORT NUMBER 
OUTPUT: 
AH = Status 


AH STATUS — | ////ISILIII IIL] AL 


BAILII LTT TLL LATTA. 
CXL TTT TTT ALLA. 
DXA TTT TTT TATA TTL. 


BIT 
76543210 
| L_ Timeout 
Not Used 
1/0 Error 
Selected 
Out of Paper 
Acknowledge 


Ready 


The return status for some typical operations is 
given below: 


Status: AH = 10h From normal operation 
AH = 00h Printer port not installed 


Some printers return with bit 3 = 1 when off-line. 
INT 15h, AH = 90h is performed when the Print 


Character function is called but the printer is not 
ready. 


INT 17h, AH = Olh - INITIALIZE PRINTER 


INT 17h, AH = Olh initializes the printer, then 
polls the printer for the printer status and places 
the printer status in the AL register. 


INPUT: DX = Printer Port Number (0..3) 


TT 


A 
LETT TTT LLL TAA TT. 
PRINTER PORT NUMBER 


AH AL 


BX 
CX 
DX 


OUTPUT: AH = Status 


LITT 


LTTTTLLTTL TTT LTT TATA AAA TAT TT. 
A 
TTT TL TTL TALL TL AT. 


L. Timeout 
Not Used 
1/0 Error 


Selected 

Out of Paper 
Acknowledge 
Ready 


AH AL 


BX 
CX 
DX 
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INT 17h, AH = 02h - GET PRINTER STATUS 


INT 17h, AH = 02h polls the printer for the printer 
status and places this value in the AL register. 


INPUT: DX = Printer Port Number (0..3) 


TT 


FUT ALATA TL. 
A 
PRINTER PORT NUMBER 


AH AL 
BX 
CX 


DX 


OUTPUT: AH = Status 


MITA 


LLL LTT TATA ATA ATTA TL. 
FLL ATT. 
FTTITLTTLT TTT AAT AAL TTT 


AH AL 
BX 
CX 


DX 


BIT 
76543210 


| | L Timeout 
Not Used 
1/0 Error 


Selected 

Out of Paper 
Acknowledge 
Ready 
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Typical return statuses are listed below: INT OFh - HW - IRQ7, PRINTER INTERRUPT 
AH Description INT OFh is not used. 

00h Off-line 

02h Printer port not installed ROM ENTRY: Points to an interrupt return. 


08h Power off, Cable on 
30h Cable off 


90h_ Read status after print 
INPUT: None. 
BBh_ Port Init (no printer port installed) 


ROM ACTION: Returns. 


OUTPUT: None. 

Some printers return with bit 3 = 1 when off-line. 
USE: The vector for this interrupt may be changed to 
intercept printer character interrupts for special 
real-time operating system requirements, such as 
print spooling. 


4.11 ASYNCHRONOUS 
COMMUNICATIONS INTERRUPTS 


The interrupts for asynchronous communications 
provide a simplified interface to the serial ports. 
Functions are provided for initializing a serial 
port, transmitting characters, receiving characters, 
and reading status. 


Asynchronous communications are not hardware 
interrupt driven. There are two device-oriented 
interrupts IRQ4 (INT OCh) for the primary port and 
IRQ3 (INT OBh) for the secondary port. 


During power-up, the BIOS searches for asynchronous 
communication ports at two standard port locations 
(3F8h and 2F8h). When a serial port is found, its 
base address is placed in the BIOS memory, beginning 
at 0040:0000. Therefore, when programming a serial 
port, the recommended practice is to use the address 
extracted from the table in BIOS memory instead of a 
hardcoded address. 


The BIOS provides a serial-port timeout function 
whose length is programmable by the user. A 4-byte 
table in BIOS memory beginning at 0040:007C is 
reserved for setting the timeout values for each 
serial port. These timeout values are initialized to 
1 during power-on, and may be set to a maximum of 
255. Each increment is approximately 900 ms. 
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Table 4-23 lists the BIOS asynchronous communications 
interrupts. Table 4-24 lists the memory locations 
used. 


Table 4-23. Asynchronous Communications Interrupts 


Interrupts 

Available Type Function 

INT 14h SW Asynchronous 
Communications 

INT OBh HW IRQ3, Comm, Secondary 

INT OCh HW IRQ4, Comm, Primary 
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Table 4-24. Memory Locations Used by Asynchronous 


Location Bytes Function 


0000:002C 4 INT OBh Vector 

0000:0030 4 INT OCh Vector 

0000:0050 4 INT 14h Vector 

0040:0000 2 Base Address of Comm Port 0 
0040:0002 2 Base Address of Comm Port 1 
0040:0004 2 Base Address of Comm Port 2 
0040:0006 2 Base Address of Comm Port 3 
0040:0071 1 Break Bit 

0040:007C 1 Timeout for Comm Port 0 
0040:007D 1 Timeout for Comm Port 1 
0040:007E 1 Timeout for Comm Port 2 
0040:007F 1 Timeout for Comm Port 3 


INT 14h - SW - COMMUNICATIONS 1/0 


INT 14h is called to perform all functions related to 
1/0 on the RS-232-C serial ports. 


ROM ENTRY: Points to Communications I/0 ROM entry 
point. 


ROM ACTION: Upon entry, control is transferred to one 
of four routines (listed below) based on the function 
code in register AH. I1]legal function codes cause 
control to simply return. All registers except those 
returning a value are preserved. 


Function Summary 

AH Action 

00h Initialize Port 
Olh Transmit Character 
02h Receive Character 
03h Sense Status 


Interrupts remain enabled. The interrupt mask for 
the communication interrupts and the control port for 
the asynchronous serial communications interrupts are 
not affected. 


INT 14h, AH = 00h - INITIALIZE PORT 


INT 14h, AH = 00h specifies the word length, number 
of stop bits, type of parity, and baud rates for the 


specified port. 


INPUT: 
AH = 00h 
DX = Communications Port Select (0..3) 


AH CONFIGURATION 
BXYLALITTTTT TTL LATTA TATA. 
CXILITITTT LTT TTA LTTA LA ATTT. 


DX PORT SELECT 


AL 


BIT 
76543210 


rd Length 
= 7 Bits 
= 8 Bits 


Wo 
10 
11 


Stop Bits 
0=1 Bit 
1 = 2 Bits 


= 110 Baud 100 
001 = 150 Baud 101 
= 300 Baud 110 
= 600 Baud 111 


nou ow a 


OUTPUT: None. 


1200 Baud 
2400 Baud 
4800 Baud 
9600 Baud 
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Even though the BIOS supports four communication 
ports, the power-on initialization only searches for 
port 0 and port 1. To use port 2 and port 3, the 
user must install the base addresses of the 
communication port in memory locations 0040:0004 and 
0040:0006. 


SS ee eee ee EE ee 
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INT 14h, AH = O1h - TRANSMIT CHARACTER 


INT 14h, AH = O1h outputs a character to the 
specified serial communication port. 


INPUT: 

AH = Olh 

AL = Character to be Transmitted (00h. .FFh) 
DX = Communications Port Select (0..3) 


AH CHARACTER 


BXYSLLITTTLT LL TTT TTT TTT ALAA TT. 
CXL TTT LTT TTT ATTA TATA 
DX PORT SELECT 


QUTPUT: AH = Line Status 


See Sense Comm Status for definition. 


AH CHARACTER | AL 
BXY/ALITITI LTT TTT LTT TT TTA TTT. 


CX 
DX 


FLTTTTTTTTTTTLTLT A AATAT AAAALT TL. 
ITTTTTATTT TTT TATA TATA TAL. 


INT 14h, AH = 02h - RECEIVE CHARACTER 


INT 14h, AH = 02h reads the specified serial port 
receiver buffer and places the character value and 
UART status in the output registers. 


INPUT: 

AH = 02h 

DX = Communications Port Select (0..3) 
AH 02h LISITTTITTTT TTT | AL 


4 AAA 
CX ITT TTT TTL TATA. 


DX PORT SELECT 

OUTPUT: 

AH = Line Status. See Sense Comm Status for 
definition. 


AL = Character Received, if no error 
= 00h, if error 


CHARACTER 
TTT AAT LALA 


TTT TTT. 
LTTTLLLLT TATA TATA LTT TTL. 


AH AL 
BX 
CX 


DX 


INT 14h, AH = 03h - SENSE COMMUNICATIONS STATUS 

INT 14h, AH = 03h reads the specified serial port 
UART and line status values and places these values 
in the output registers. 


INPUT: 

AH = 03h 

DX = Communications Port Select (0..3) 
AH aXe 


LITT TAAL TAAL TT. 
LITTLE TTT TTT TATA TATA AAA TTL. 
PORT SELECT 


BX 
CX 
DX 


OUTPUT: 
AH = Line Status 
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AL = Modem Status 


AH 
BX 
CX 
DX 


/ 


BIT 
76543210 


lee 


BIT 


76543210 
L 


ic 


LINE STATUS MODEM STATUS 


TTT LTT TTA TAAL TATA TT. 
VILLI TATA TTA AAT TATA TT 
LITT TTTLTLLATAALATLTTTATTATT. 


AL 


RX Data Ready 

RX Overrun Error 
RX Parity Error 

RX Framing Error 
RX Break Detect 


TX Holding Register Empty 
TX Shift Register Empty 
Timeout 


Delta Clear-To-Send 

Delta Data-Set-Ready 
Trailing Edge Ring Indicator 
Delta RX Line Signal Detect 
Clear-To-Send 

Data-Set-Ready 

Ring Indicator 

RX Line Signal Detect 


eee 
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INT OBh - SW, - IRQ3, COMM, SECONDARY 
~ CPU - SEGMENT NOT PRESENT 


INT OBh is not used by the BIOS. 

ROM ENTRY: Points to an interrupt return. 

ROM ACTION: Control returns to the calling program. 
INPUT: None. 

OUTPUT: None. 

USE: The vector for this interrupt can be changed to 
intercept interrupts from an optional secondary 


communications interface. 


This interrupt is also used by the CPU to generate 
Segment Not Present faults. 


INT OCh - HW, - IRQ4, COMM, PRIMARY 
- CPU - STACK SEGMENT OVERFLOW 


INT OCh is not used by the BIOS. 

ROM ENTRY: Points to an interrupt return. 

ROM ACTION: Control returns to the calling program. 
INPUT: None. 

OUTPUT: None. 

USE: The vector for this interrupt can be changed to 
intercept interrupts from an optional primary 


communications interface. 


This interrupt is also used by the CPU to generate 
Stack Segment Overflow faults. 


_—_ 
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4.12 KEYBOARD INTERRUPTS 


The BIOS generally controls all interactions with the 
keyboard. However, the interrupts and memory 
locations used for the keyboard make it very easy to 
change the keyboard functions. 


Sys Req Key 


The Sys Req key is a special-case key. It is not 
encoded, nor is anything placed in the keyboard queue 
when it is pressed. 


Pressing the Sys Req key invokes INT 15h with AH = 
85h, AL = 00h (Sys Req Make). Releasing the Sys Req 
key invokes INT 15h with AH = 85h, AL = Olh (Sys Req 
Break) . 


The Sys Req key does not interact with any other key 
and is not repeating. An application must trap 
INT 15h in order to make use of the Sys Req key. 


RAM location 0040:0018 stores the Sys Req key status. 
If bit 2 in the status byte at 0040:0018 is set, this 
means that the Sys Req key is currently held down. 
The bit is cleared when the Sys Req key is released. 


Keyboard Indicators 


The BIOS normally controls the state of the keyboard 
light-emitting-diode (LED) indicators. It 
automatically changes the state of the LED indicators 
to reflect the current status of Caps Lock, Num Lock, 
and Scroll Lock keyboard functions 


All communications to the keyboard occurs through 
ports 60h and 64h of the 8042 keyboard controller. 


To change the keyboard LED state, use the IN and OUT 
instructions of the 80386 to: 


1. Read port 64h to determine the input/output status 
of the 8042, making sure the input buffer is 
empty. 


2. Write the Disable Keyboard command (ADh) to port 
64h to disable the keyboard interface. Read the 
scan code from port 60h. 


3. Wait until the 8042 input buffer is empty. Output 
EDh to the keyboard assembly using port 60h. Wait 
until an ACK is received from port 60h. 


4. When the 8042 input buffer is empty, write the LED 
data byte. Wait until the second ACK byte is 
received. When the 8042 buffer is empty, write 
the Enable Keyboard command (AEh) to the 8042 to 
re-enable the keyboard interface. 
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Enhanced Keyboard 


A RAM variable at 0040:0096 is used in conjunction 
with the enhanced keyboard for state information. 


The format of RAM location 0040:0096 (byte) is 
defined below: 


BIT 
76543210 


ea Last code was Elh 

Last code was E0h 
Right Ctrl key down 
Right Alt key down 


Enhanced keyboard installed 


If enhanced keyboard installed, force 
Num Lock 


Last character received was ID byte 


Read ID command in progress 


A RAM variable at 0040:0097 reflects the state of the 
keyboard LED indicators. The LED indicators are 
controlled by the keyboard BIOS through the use of 
commands issued to the 8042 keyboard controller. 


The information in 0040:0097 is compared with the 
mode bits in 0040:0017 to determine whether the LED 
indicators are up to date. 


The format of RAM location 0040:0097 (byte) is 
defined below: 


BIT 
76543210 


1 = Scroll Lock LED On 
1 = Num Lock LED On 

1 = Caps Lock LED On 

0 (Not used) 

1 = ACK Reply Received 
0 

1 

0 


Flee 


(Not used) 
= 8042 Command in Progress 
(Not used) 


The status of the LEDs are checked: 
= Each time a keyboard hardware interrupt occurs. 


= When the Get Key function is invoked (INT 16h, 
AH = 00h or AH = 10h). 


mw When the Check For Key Available function is 
invoked (INT 16h, AH = Olh or AH = 11h). 


SSS 


The ability to vary keyclick loudness is a BIOS 
feature unique to COMPAQ. Two RAM locations are 
associated with the keyclick. 


Address Bytes Contents 
0040:0015 1 Previous Scan Code 


0040:0016 1 Keyclick Loudness (0..127) 


Miscellaneous BIOS Keyboard 
Information 


Immediately after placing a key in the keyboard 
queue, INT 15h is called with AH = 91h, AL = 02h. 
(See Device Wait and Device Post under INT 15h 
functions. ) 


Keys and key combinations that do not cause anything 
to be placed in the keyboard queue (such as simply 
pressing the Caps Lock key and releasing it) do not 
cause a Device Post. 


Decimal keyboard codes may be entered by holding down 
the Alt key, entering the number on the numeric 
keypad, then releasing the Alt key. This feature 
works regardless of the state of the Num Lock key. 
For example, to enter the pi character, hold down the 
Alt key, type 227 on the numeric keypad, and then 
release the Alt key. Pause (Ctr1 + Num Lock) does 
not perform either a Device Wait or a Device Post. 
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10h) 
02h) 


The Get Key function (INT 16h, AH = 00h or AH 
executes a Device Wait (INT 15h, AH = 90h, AL 
if a keycode is not currently available in the 
keyboard queue. 


The following key combinations do not place scan 
codes in the keyboard type-ahead buffer: 
= Increase keyclick loudness (Ctrl + Alt + Numeric 


woe 


Keypad "+") 

= Decrease keyclick loudness (Ctr] + Alt + Numeric 
Keyond 725 

= Internal/External display select (Ctrl + Alt + > 
and Ctrl + Alt + <) 


= Toggle underlining on current display character 
Ctr] + Alt + _ (underscore) 


For receive timeout errors, parity errors, and 
overrun errors, the 8042 places a scan code of FFh in 
its output buffer. The system beeps once when it 
receives the FFh from the keyboard. 


For transmit timeout errors, the 8042 places a scan 
code of FEh in its output buffer. 


Interrupts remain enabled and execution is suspended 
if Ctr] + Num Lock is input. 


Table 4-25 lists the BIOS keyboard interrupts. 


eee eee eee 
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able 4-25. Keyboard Interrupts 


Interrupts 


Available Type Function 

INT 16h SW Keyboard 1/0 

INT 1Bh SW Ctr1-Break Service 
INT 09h HW IRQ1, Keyboard 


Interrupt 


Table 4-26 lists the memory locations used by 
keyboard interrupts. 


Table 4-26. Memory Locations Used by Keyboard 


Interrupts 
Memory 
Location Bytes Function 
0000:0024 4 INT 09h Vector 
0000:0058 4 INT 16h Vector 
0000:0066 4 INT 1Bh Vector 
0040:0015 1 Previous Scan Code 


0040:0016 1 Keyclick Loudness 

0040:0017 2 Keyboard Bit Status 

0040:0019 1 Accumulator for Alt Key Input 
0040:001A 2 Pointer to Keyboard Buffer Head 


0040:001C 2 Pointer to Keyboard Buffer Tail 
0040:001E 32 Keyboard Type-ahead Buffer 
(16 entries) 


0040:0071 1 Break Bit 


0040:0080 2 Keyboard Buffer Begin 


0040:0082 2 Keyboard Buffer End 
0040:0096 1 Enhanced Shift Status 


0040:0097 1 Keyboard LED Flags 


INT 16h - SW - KEYBOARD 1/0 


INT 16h is called to perform all functions related to 
keyboard I/0. 


ROM ENTRY: Points to Keyboard I/0 ROM entry point. 


ROM ACTION: Upon entry, control is transferred to one 
of seven routines (listed below) based on the 
function code in register AH. Illegal function codes 
cause control to simply return. All registers except 
those returning a value are preserved. Interrupts 
remain enabled. 


Function Summary 

AH Action 

00h Get Key 

Olh Check for Key Available 

02h Read Shift Status 

03h Set Repeat Key Rate and Delay 

05h Place Scan Code/Character in Type-Ahead 
Buffer 

10h Get Enhanced Key from Type-Ahead Buffer 


lih Check for Enhanced Key from Type-Ahead Buffer 
12h Get Enhanced Key Status 

FOh Set CPU Speed 

Flh Read Current CPU Speed 


F2h Determine Attached Keyboard 
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INT 16h, AH = OOh - GET KEY 


This function reads a scan code/character pair from 
the keyboard BIOS type-ahead buffer and returns it to 
the calling program. If no key is available in the 
type-ahead buffer, this function waits until a key is 
pressed before returning control to the program 
performing the function. If the application program 
does not wish to wait for keys to be pressed, 
function AH = 01h should be performed to check if any 
characters exist in the type-ahead buffer before 
attempting to get them using the AH = 00h function. 


INT 16h, AH = 00h 
INPUT: AH = 00h 


AH MITA. 


BYELIILITLT LTT TTT TATA. 
CXL TTT LT TTT ATTA AT. 
DX LTT TTT TAT TT TTT ATTA TTL. 


AL 


OUTPUT: 
AH = Scan Code 
AL = Character 


SCAN CODE CHARACTER 


LTTE ALTA TATA ALATA TATA TT. 


TILT TTT TAT TAT TAT ATTA AAT TT. 
TITLTTTTT TTT TAT TLT A AT A ATT. 


AH AL 
BX 
CX 


DX 
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INT 16h, AH = Olh - CHECK FOR KEY AVAILABLE INT 16h, AH = 02h - READ SHIFT STATUS 
This function should be performed to determine if any INT 16h, AH = O2h returns the SHIFT status byte. 
key scan codes are present in the keyboard BIOS type- ‘ = 
ahead buffer. If a scan code/character is present, TARO Ai = 
it is not removed from the type-ahead buffer. AH] 2h SAAIIIIIITTTIT | AL 
BYVAL TTT TTT TTT AL. 


INT th, AH'= O1h: “Checks keyboard buffer. CXL 


DXISILSLIITITTTL TTT TATA AAT TTT. 
INPUT: AH = Olh OUTPUT: AL = Shift Codes 
AH] th SAASLIAALILIL | AL AM|////////II//////| SHIFT CODES | AL 


BXYIL/IILLI ITLL TALL TTL. JISISTILILS TILIA TLL. 


CXISSAILITITTLTTIT TATA TAAL. CXIALIITTITTIL ITT TLLITAL LT TA TTT. 
DXVAASILTTITTITTITTT TTT TTT TATA TT. DXIA//ILTITLIILLIITITITT AT TTT 
OUTPUT: BIT 

ZF = Result 76543210 Key Held Down: 


= 1 - no keys available Right Shift 
= 0 - AH = Scan Code,and AL = Character Left Shift 
AH = Scan Code 
AL = Character 


SCAN CODE CHARACTER 


Ctrl 
Alt 


AH AL 


BX ITLL Mode in Effect: 
CX TTT Scroll Lock 
OXIA TTL. 

Num Lock 

Caps Lock 


The character is not removed from the keyboard input 
buffer. Insert 


INT 16h, AH = 03h - SET REPEAT KEY RATE AND DELAY 


This function is used to set the repeat key rate and 
delay for all repeat keys on the keyboard. The delay 
value placed in BH should not exceed 3. The repeat 
rate value in BL should not exceed 63 (decimal). If 
these values are beyond their allowed limits the 
repeat rate and delay are not set. 


INPUT: AH = 03h 
AL = 05h 
BH = repeat delay (1...63) 


BL = repeat rate 


Oh 
REPEAT DELAY REPEAT RATE 


LITT TLTLT ATTA TATA TATA T. 
LITT LLTT TT TAT TAATTATT LT. 


OUTPUT: None, flags are unaffected. 


AL 
BL 


AH 
BH 
CX 
DX 
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INT 16h, AH = 05h - PLACE SCAN CODE/CHARACTER IN 
TYPE-AHEAD BUFFER 


This function places the scan code and character 
specified in CH and CL in the keyboard BIOS type- 
ahead buffer. 


INPUT: AH = 05h 
CH = Scan code 
CL = Character 


Te 
LITT TTA. 


CHARACTER 
Te 


AH AL 
BX 
CH 


DX 


CL 


OUTPUT: 

AL = 00h, CF = 0 if scan code and character were 
placed in type-ahead buffer. 

AL = Olh, CF = 1 if type-ahead buffer is full, and 
the scan code and character could not be placed 
in the type-ahead buffer. 


ITT TATA TT. STATUS 
TLTTTLLT TTT TT ATTA LT. 


TTTTTTTLTALLT TATA TAAL TT. 
TLTTTLTTLL ATLL TTA AAT. 


AH AL 
BX 
CX 


DX 


a EE ee 
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INT 16h, AH = 10h - GET ENHANCED KEY FROM TYPE-AHEAD 
BUFFER 


This function reads a scan code/character pair from 
the keyboard BIOS type-ahead buffer. If no key is 
available in the type-ahead buffer, this function 
waits until a key is pressed before returning control 
to the program performing the function. If the 
application program does not wish to wait for keys to 
be pressed, function AH = 11h should be performed to 
check if any characters exist in the type-ahead 
buffer before attempting to get them using the AH = 
10h function. 


This function should be used instead of function 

AH = 00h if the enhanced keyboard is used in Mode 2. 
This will allow applications to obtain the scan codes 
for the additional keys in the enhanced keyboard. 
These keys include Fll, Fl2, and the keys in the 
cursor control cluster. See Chapter 5, Keyboards, 
for scan codes generated by the 84-key and enhanced 
keyboards. 


INPUT: AH = 10h 


MITTAL 


AH 
BX 
CX 
DX 


Scan code 
Character 


OUTPUT: AH 
AL 


SCAN CODE CHARACTER 


LITTLE TT TLL TTT AT TAAL ATT. 
LLTTLTLTLT TTT TTT TAAL TT TTT. 
LITTLE TATA TTT. 


AH AL 
BX 
CX 


DX 


INT 16h, AH = 11h - CHECK FOR ENHANCED KEY IN TYPE- 
AHEAD BUFFER 


This function should be performed to determine if any 
key scan codes are present in the keyboard BIOS type- 
ahead buffer. If a scan code/character is present. 
it is not removed from the type-ahead buffer. This 
function should be used instead of function AH = Olh 
if the enhanced keyboard is used in Mode 2. This 
function allows applications to obtain via the BIOS 
the scan codes for the additional keys in the 
enhanced keyboard. These keys include Fll, F12, and 
the keys in the cursor control cluster. See Chapter 
5 for the scan codes generated by the 84-key and 
enhanced keyboards. 


INPUT: AH = 11h 


MITTAL 


AH AL 
BX 
CX 


DX 


OUTPUT: 

If ZF = 1, then there are no scan codes in the type- 
ahead buffer. 

If ZF = 0, then AH = first scan code present in the 
type-ahead buffer, and 
AL = first character present in type-ahead 
buffer. 


INT 16h, AH = 12h - GET ENHANCED KEY STATUS 


This function returns the status of several enhanced 
keyboard functions and keys. This function should be 
used instead of function AH = 02h when using the 
enhanced keyboard in Mode 2. In Mode 2, this 
function allows applications to obtain the status of 
the additional Alt and Ctr] keys of the enhanced 
keyboard. 


INPUT: AH = 12h 


AH Ta 
BX TAAL. 


CXEALITLIT TTT LL TT TA L TT ATATTT. 


DS CAAA 


AL 


OUTPUT: 
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———— 


BIT 
76543210 


BIT 
76543210 


Pe ee 


Left Ctr] key is held down 
Left Alt key is held down 
Right Ctr] key is held down 
= Right Alt key is held down 
(Not used) 

(Not used) 

(Not used) 

(Not used) 


Right Shift key is held down 

Left Shift key is held down 

Ctrl key (left and/or right) held down 
Alt key (left and/or right) held down 
Scroll Lock mode in effect 

Num Lock mode in effect 

Caps Lock key pressed 

Insert key pressed 


tou 


toll 


i 
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INT 16h, AH = FOh - SET SYSTEM SPEED 


INT 16h, 
INPUT: 
AH = FOh 
AL = 00h 
= Olh 
= 02h 
= 03h 
= 08h 
= 09h 


AH = FOh changes the value of the 8042 
output port to specify the current CPU 
speed. 


= Sets speed to the equivalent of an 80286- 
based system at 6 MHz (COMMON speed). 

= Sets speed to the equivalent of an 80286- 
based system at 8 MHz (FAST speed). 

= Sets speed to full 16 MHz (80386 HIGH 
speed). 

= Toggles speed between 80286 8-MHz 
equivalent and the default speed selected 


by the system board switch (AUTO or HIGH). 


= Sets speed to switch between the 80286 
8-MHz equivalent speed and full 16-MHz 
80386 speed during copy protection 
diskette operations (AUTO). 

= Sets system speed to a value between 
1 and 50 decimal. A value of 1 is the 
slowest speed possible, and 50 
approximates the full 16-MHz speed of the 
80386. The estimated value to simulate 
the speed of an 8088-based personal 
computer is 3 decimal (3h). CX = Speed 
Value (1..50). 


OUTPUT: NONE 


AH SPEED CODE 


BX ILLIA TATA. 
CX SPEED VALUE 
DXL//AILLTTT TTT LTT TTL ATTA ATL. 


AL 


CX contains the speed value only when 
AL contains 09h. 


INT 16h, AH = Flh - READ CURRENT SYSTEM SPEED 


INT 16h, AH = Flh returns the current system speed. 
INPUT: AH = Flh 


MITTAL 


TLV ATT TAAL TAL. 


TITTLE. 
EE 


OUTPUT: AL = Speed Code (00h, Olh, 02h, 08h, 09h) 


LITTITTTTIT TTT /\__ SPEED CODE 


FTTTLTTL TTT TAT TTT ALATA TL. 
LTTTTTTLT TTT TALL TAL ALAA ALL. 
FIITLTTLTLT TTT TTT TLL TAAL TT. 


AH AL 
BX 
CX 


DX 


AH AL 


Dx 


AL = 00h if system speed is set to COMMON 6-MHz 80286 
speed equivalent. 
= Olh if system speed is set to FAST 8-MHz 80286 
speed equivalent. 
02h if system speed is set to 16-MHz 80386 speed 
(HIGH) . 
08h if system speed is set to AUTO. 
09h if system speed has been set by BIOS 
function AH = FOh, AL = 09h 
CX = Speed Value (02h. .35h). 
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INT 16h, AH = F2h - DETERMINE ATTACHED KEYBOARD 


INT 16h, AH = F2h determines whether a 9- or 11-bit 
keyboard is in use. 


INPUT: AH = F2h 


AH Tn 


BXSILITLT LITT LT TTT TTT TT, 
CXIITITLTLT TLL TIT TTT TATA ATL. 
DXA TTL TTT TTT LT TT TT. 


AL 


QUTPUT: 
AL = 00h If 11-bit keyboard in use (standard) 
= Olh if 9-bit keyboard in use 


AHV/SIITITTTTLLT 1/17) KEYBOARD TYPE | AL 


3) GU 
CXL TTT TLL TT TTT TTT L. 
DXPSIITLTTT TTL LT TTT LAT TTT. 


Both the COMPAQ 84-Key Keyboard and the COMPAQ 
Enhanced Keyboard are 11-bit keyboards. 
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INT 1Bh - SW - CTRL-BREAK SERVICE 


INT 1Bh is called from the ROM when the Ctr] + Break 
keys are pressed. INT 1Bh is provided to allow DOS 
and user programs a way to exit a program. 


ROM ENTRY: Points to an interrupt return. 
ROM ACTION: Control returns to the calling program. 
USE: The vector for this interrupt is normally used 


by the operating system. It can be changed to point 
to a user-supplied routine. 


INT 09h - HW - IRQ1, KEYBOARD 


INT 09h occurs each time a keyboard key is pressed or 
released. 


INT OSh normally handles the keyboard hardware 
interrupts from IRQ1. INT 09h is not used for 80287 
Segment Overrun exceptions as in the 80286. Care 
should be taken to align 80287 memory operands so 
that they fit within a segment. 


Operating system software running in the Protected 
mode can readily relocate hardware interrupts IRQO 
through IRQ7 to another block of eight interrupt 
vectors to avoid conflict. (See INT 15h, AH = 89h.) 


ROM ENTRY: Points to ROM Keyboard Interrupt handler. 


ROM ACTION: The interrupt routine reads the key from 
the 8042 keyboard registers, encodes the key or takes 
special action if required, notifies the 8042 that 
the key has been read, clears the 8259A Interrupt 
Controller, and loads the encoded key into the 
keyboard buffer. 


INPUT: Keyboard. 
OUTPUT: Varies according to keyboard input. 


USE: The vector for this interrupt can be changed to 
select a user-supplied keyboard handler. 


4.13 FIXED DISK INTERRUPTS 


The BIOS for fixed disk supports two fixed disk 
drives, Drive 1 (80h) and Drive 2 (81h). Use INT 
13h, AH = 08h to determine their individual 
capacities, or use the parameter table pointed to by 
INT 41h and INT 46h. Do not use the fixed disk drive 
types stored in the CMOS configuration memory to 
determine the capacities. 


The fixed disk Wait and Post functions are supported 
via INT 15h. The fixed disk Wait function call is 

AH = 90h with AL = 00h. The function call for Post 
is AH = 91h with AL = 00h. Wait is performed to wait 
for a fixed disk drive interrupt. Post is performed 
when the fixed disk drive interrupt occurs. 


If an error occurs on a fixed disk drive operation, 
reset (INT 13h, AH = 00h or ODh) the fixed disk drive 
system before retrying the operation. The fixed disk 
drive controller will perform internal retries before 
returning an error. 


To format a fixed disk drive with more than 8 heads, 
recalibrate (INT 13h, AH = 11h) head 0, then format 
heads 0 though 7. Next, recalibrate head 8 and 
format heads 8 through 15. 


Table 4-27 lists the BIOS fixed disk drive 
interrupts. Table 4-28 lists the memory locations 
used. 
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Table 4-27. Fixed Disk Drive Interrupts 


Interrupts 

Available Type Function 

INT 13h SW Fixed Disk I/0 
INT 76h HW IRQ14, Fixed Disk 


Drive Interrupt 
INT 41h PTR Fixed Disk Drive 1 


Parameter Table 
Fixed Disk Drive 2 
Parameter Table 


INT 46h PTR 


Table 4-28. Memory Locations Used by Fixed Disk 
Drive Interrupts 


Memory 

Location Bytes Function 

0000:004C 4 INT 13h Vector 

0000:0104 4 INT 41h Vector 

0000:0118 4 INT 46h Vector 

0000:01D8 4 INT 76h Vector 

0040:0074 1 Fixed Disk Drive Status 
0040:0075 1 Number of Fixed Disk Drives 
0040:0076 1 Reserved 

0040:0077 1 Reserved 

0040:008C 1 Additional fixed disk status 
0040:008D 1 Fixed disk error status 
0040:008E 1 Fixed disk interrupt flag 
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Table 4-29 lists the error or status codes returned in the AH register by the various interrupts. 


Table 4-29. Fixed Disk Drive Status Codes by AH Function 
AH Error Code 


Function _00h 01h 02h 04h 05h 07h 09h OAh 10h 11h 20h 40h 80h AAh BBh CCh FFh 


00h KT EX x 

Olh Mex 

02h Nee be Koei od XL IE ete Go ee Sd ae 
03h RSX nx More eX x Mak OG, oor 
04h Xen SX Eee EX Xi Sakata eX eX 
05h GH LEX X Or eX x Xe SiC EXE ex 
08h on x 

09h XX x 

OAh Ke Xela, x x x Xe ee axe 
OBh eX Xe x x Me KEXP AK 
0Ch KareriX ER XS Kae EX OX 
ODh XX x 

10h NOX  2XT EX BX 
11h KeEX x xvas x 
14h xox 


em 
uo 
= 
x 
x 


a SS SSS 


Table 4-30 lists the descriptions for the codes 
returned in the AH register for the various 
interrupts. 


Table 4-30. Fixed Disk Drive Status Code 
Descriptions 

AH Meaning 

00h Successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

04h Requested Sector Not Found 

05h Reset Failed 

07h Drive Parameter Activity Failed 

09h Transfer Attempted Across 64K Boundary 

OAh Bad Block Flag Detected 

10h Uncorrectable ECC Data Error 

1ih ECC Corrected Data Error 

20h Controller Has Failed 

40h Seek Operation Failed 

80h Drive Failed To Respond 

AAh Drive Not Ready 

BBh Undefined Error Occurred 

CCh Write Fault Active 

FFh Sense Operation Failed 
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INT 13h - SW - FIXED DISK DRIVE 1/0 


INT 13h is called to perform all functions related to 
fixed disk drive I/0. 


ROM ENTRY: Points to Fixed Disk Drive 1/0 ROM entry 
point. 

ROM ACTION: Upon entry, control is transferred to one 
of 16 routines (listed below) based on the function 
code in the AH register. Illegal function codes 
cause the routine to report a Bad Command error and 
return. 


Function Summary 

AH Function 

00h Reset Disk System 

Olh_ Read Status of Last Operation 
02h Read Sectors 

03h Write Sectors 

04h Verify Sectors 

05h Format Track 

08h Get Current Drive Parameters 
09h Initialize Drive Parameters 
OAh Read Long 

QBh Write Long 

OCh Seek Cylinder 

ODh Alternate Disk Reset 

10h Test Drive Ready 

lih Recalibrate Drive 

14h Controller Diagnostic 

15h Read Drive Type 
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INT 13h, AH = 00h - RESET FIXED DISK DRIVE SYSTEM 


INT 13h, AH = 00h resets the fixed disk drive system 
and fixed disk drive parameters and diskette 
subsystem. If two fixed disk drives are present, 
then the parameters for both fixed disk drives are 
set. 


INPUT: 
AH = 00h 
DL = Drive Select (80h. .81h) 


Ta 


FTTTTTLT TTA TATA TTA TAA ATT. 
TT 


ITT TTT. DRIVE 


OUTPUT: 
If CF = 0, AH = 00h (Successful Completion) 
If CF = 1, AH = 05h (Reset Failed) 


TTT 


A 
ITT TTT TTT 
TTT TTT LT TTT TTT TL. 


AH AL 
BX 
CX 


DH 


DL 


nou 


AH AL 
BX 
CX 


DX 


Reset should be done after a read, write, verify, or 
format error before retrying the operation. 


INT 13h, AH = O1h - SENSE STATUS OF LAST OPERATION 


INT 13h, AH = Olh returns the status of the last 
fixed disk drive operation. The carry flag is not 
set if the last operation was in error. 


INPUT: 
AH = Olh 
DL = Drive Select (80h. .81h) 


es ct EL TLE | 
IMMA LATA 
MMM 


IIT DRIVE 


DL 


OUTPUT: 
AH = 00h 
AL = Status of last operation 


AH STATUS AL 
3) AAA 
CXILLLTTTLTL TTT TTT TTT TTT TATA AL. 
DXY/AILTLTTLTT TTT TTT TT TATA 


INT 13h, AH = 02h - READ SECTORS 


INT 13h, AH = 02h reads the specified number of 
sectors into the buffer pointed to by ES:BX. 


INPUT: 

AH = 02h 

AL = Sector Count - Number of sectors to be read. 
ES:BX = Buffer Address 

CH = Bits <7..0> of starting cylinder 


CL = Bits <7..6> are bits <9..8> of starting cylinder 
Bits <5..0> are the starting sector 

DH = Starting Head 

DL = Drive (80h. .81h) 


AH SECTOR COUNT 


AL 


BX BUFFER OFFSET 
CH CYLINDER CYL/SECTOR CL 
DH HEAD DRIVE DL 


ES BUFFER SEGMENT 
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OUTPUT: 

If CF = 0, AH 
AL 

If CF = 1, AH 


OP STATUS DRIVE STATUS 


TMT TTT TTT. 
TTT TTT LTT ATT. 
A 


00h (Successful Completion) 
Drive Status Byte 
Status, Operation Error 


AH AL 
BX 
CX 


DX 


The maximum number of sectors that can be read is 128 
(80h) if the transfer address starts on a paragraph 
boundary; otherwise, 127 sectors are the maximum. 


A sector count of 00h implies 256 sectors. 


ee 
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INT 13h, AH = 03h - WRITE SECTORS 


INT 13h, AH = 03h writes the specified number of 
sectors using the data from the buffer pointed to by 
ES:BX. 


INPUT: 

AH = 03h 

AL = Sector Count - Sectors to be written by this 
operation. 


ES:BX = Buffer Address 

CH = Bits <7..0> of starting cylinder 

CL = Bits <7..6> are bits <9..8> of starting cylinder 
Bits <5..0> are the starting sector 

DH = Starting Head 

DL = Drive Select (80h. .81h) 


AH SECTOR COUNT | AL 
BX BUFFER OFFSET 

CH] CYLINDER | CYL/SECTOR | CL 
DH| HEAD —s*|_—sODRIVE DL 


ES BUFFER SEGMENT 


OUTPUT: 
If CF = 0, AH = 00h (Successful Completion) 
If CF = 1, AH = Status, Operation Error 


AH a 


BXYAITLTTLTT LTT LT LTT TAT TATA TT. 
CXL TTT TTT TAT TTA AAT. 
DXPLIILITLT TTT TTT TAT TATA TT 


The maximum number of sectors that can be written is 
128 (80h) if the transfer address starts ona 
paragraph boundary; otherwise, 127 sectors are the 
maximum. 


A sector count of 00h implies 256 sectors. 


INT 13h, AH = 04h - VERIFY SECTORS 


INT 13h, AH = 04h verifies sectors on the fixed disk. 
Sector verification checks the sector ID and other 
format information for ECC errors and data integrity. 


INPUT 
AH = 04h 
AL = Sector Count 
CH = Bits <7..0> of Starting Cylinder 
= Bits <7..6> are bits <9..8> of Starting 
Cylinder 
Bits <5..0> are Starting Sector 
Starting Head 
Drive Select (80h. .81h) 


o 
‘ a 
ou 


AH] 04nh__|__SECTOR COUNT | AL 
BXYSILITILTL TTT TTT TLL TT TATA. 

CH] CYLINDER | CYL/SECTOR | CL 
DH} HEAD —*|__—CODRIVE DL 


OUTPUT: 
If CF 
If CF 


MTT 


LILI TATA TTT TTT. 
LITTLE LTT ATLA ALAA. 


TTT TTT TT TATTLE TATA. 


00h (Successful Completion) 
Status, Operation Error 


AL 


AH 
BX 
CX 
DX 
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INT 13h, AH = 05h - FORMAT TRACK 


INT 13h, AH = 05h writes the sector and track ID 
information onto the tracks specified. 


INPUT: 

AH = 05h 

ES:BX = Track Interleave Table Address 
CH = Bits <7..0> of cylinder 


CL = Bits <7..6> are bits <9..8> of cylinder 


Bits <5..0> are not used 
DH = Head 
DL = Drive Select (80h. .81h) 


AH MIM. 


BX TABLE OFFSET 


CH CYLINDER CYLINDER CL 
DH HEAD DRIVE DL 


ES TABLE SEGMENT 


OUTPUT : 
If CF = 0, AH 
If CF = 1, AH 


IMMALTATAT | AL 
BX 


A 
CX 


LITT TTAT TTL TAAL LATA. 
DXALILIT TLL TTL LTT ALLA TT. 


AL 


00h (Successful Completion) 
Status, Operation Error 


AH 


SS eo 
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INT 13h, AH = 08h - GET DRIVE PARAMETERS 


INT 13h, AH = 08h returns the drive parameters for 
the selected fixed disk drive. 


INPUT: 
AH = 08h 
DL = Drive Select (80h. .81h) 


AH Ta 
TT 
TT 


IMMA ATA ORIVE 


OUTPUT: 
If CF = 0, AH = 00h (Successful Completion) 


AL 


DH DL 


CH = Bits <7..0> of max value for cylinder 
CL = Bits <7..6> are bits <9..8> of cylinder 


Bits <5..0> are the max value for the sector 
DH = Max value for head 
DL = Number of drives (0..2) 


AH MMA 


BYVAL TIT ATLT TTT TTT TTA. 


CH} MAX CYLINDER | MAX CYL/MAX SEC 
DH] MAX HEAD # OF DRIVES 


If CF = 1, AH = Status, operation error 


AL 


CL 
DL 


INT 13h, AH = O9h - INITIALIZE FIXED DISK DRIVE 
PARAMETERS 


INT 13h, AH = 09h loads the fixed disk drive 
parameters into the fixed disk drive controller. 


INT 41h points to the parameter table for fixed disk 
drive 1 (Drive Select = 80h). INT 46h points to the 
parameter table for fixed disk drive 2 (Drive 

Select = 81h). 


INPUT: 
AH = 09h 
DL = Drive Select (80h. .81h) 


AH IIIT | AL 


BXY//ITLILLT TTI TLL. 
CXL TTT. 


DHY/SILILTLTL TT TTL DRIVE DL 


OUTPUT: 


0, AH = 00h (Successful Completion) 
1, AH = Status, Operation Error 


IMAL 


LTTE TTT TT TLL LATTA TAT 
TITTLE TALL. 
TITTLE LTT. 


m 

+ 

Q 

| 
nou 


AH AL 


BX 
CX 
DX 


INT 13h, AH = OAh - READ LONG 


INT 13h, AH = OAh reads the specified sectors of 
data, plus the 4 bytes of Error Checking and 
Correcting (ECC) code into the buffer pointed to by 
ES:BX. 


INPUT: 
AH = OAh 


AL = Sector Count - Number of sectors to be read 
ES:BX = Buffer Address 
CH = Bits <7..0> of Starting Cylinder 


CL = Bits <7..6> are bits <9..8> of Starting Cylinder 
Bits <5..0> Starting Sector 

DH = Starting Head 

DL = Drive Select (80h. .81h) 

AH] __—OAh_~——SsdY~SsSSECTOR COUNT | AL 

BX BUFFER OFFSET 

CH CYLINDER CYL/SECTOR CL 

DH HEAD DRIVE DL 


ES BUFFER SEGMENT 
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OUTPUT: 
If CF = 0, AH = 00h (Successful Completion) 


If CF = 1, AH = Status, Operation Error 


TT 


A 
FLITE TAA TATA TL. 
FLEET TTT TTA TAT ATL 


AH AL 


BX 
CX 
DX 


The maximum number of sectors that can be read is 127 
(7Fh). 


A sector count of 00h implies 256 sectors. 


ee — 
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INT 13h, AH = OBh - WRITE LONG 


INT 13h, AH = OBh writes the specified number of 
sectors of data, plus the 4 bytes of Error Checking 
and Correcting (ECC) code. £S:BX points to the 
starting address for the data to be written. 


INPUT: 

AH = OBh 

AL = Sector Count - Number of sectors to write. 

ES:BX = Buffer Address 

CH = Bits <7..0> of Starting Cylinder 

CL = Bits <7..6> are bits <9..8> of Starting Cylinder 
Bits <5..0> Starting Sector 

DH = Starting Head 

DL = Drive Select (80h. .81h) 


AH] ———s0Bh_s«|_~—sSSECTOR COUNT] AL 


BX BUFFER OFFSET 
CH CYLINDER CYL/SECTOR CL 


DH HEAD DRIVE DL 
ES BUFFER SEGMENT 


OUTPUT: 
If CF = 0, AH 
If CF = 1, AH 


MMA. 


LTT TTL TATA TATA TAAL. 
TITTLE 
A 


00h (Successful Completion) 
Status, Operation Error 


AL 


AH 
BX 
CX 
DX 


The maximum number of sectors that can be read is 127 
(7Fh). 


A sector count of 00h implies 256 sectors. 


INT 13h, AH = 0Ch - SEEK CYLINDER 


INT 13h, AH = OCh instructs a fixed disk drive to 
step the drive head to the specified cylinder. 


CH = Bits <7..0> of Target Cylinder 


CL = Bits <7..6> are bits <9..8> of Target Cylinder 


Bits <5..0> are not used 


Not used 
Drive Select (80h. .81h) 


AH TX 


BXY/IIITLITT TTT TTT TTT TL. 

CH CYLINDER CYLINDER CL 
DHL TT TTL DRIVE DL 
OUTPUT 


co) 
+h 
Q 
n 

nou 


0, AH = 00h (Successful Completion) 
1, AH = Status, Operation Error 


AL 


OP STATUS TTTTTT TLL 
ITT TTT TTA TTA. 
LITT TTT TT TATTLE TT. 


LITT TT LTT ALL TL. 


DX 
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INT 13h, AH = ODh - ALTERNATE DISK RESET 


INT 13h, AH = ODh resets the fixed disk drive 
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controller. This interrupt has the same results as 
INT 13h, AH = 00h except the diskette subsystem is 


not reset. 


INPUT: 
= 0Dh 
DL = Drive Select (80h. .81h) 


AH MTA 


BXY//ILIL LITT TTT TTT LL TTA TA TTT. 
CXIITTTT LTT TTT ALTA TL. 


DHT. 


OUTPUT: 
If CF 
If CF 


AL 


DL 


0, AH 
1, AH 


00h (Successful Completion) 
Status, Operation Error 


AL 


OP STATUS LITTILLTLT ATTY. 
TITTLE TTT TTT TT TA TAA TT. 
LTTE TTL ATLA TATA TL. 
ITLL LTT TTL ATA. 


AH 
BX 
CX 
DX 
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INT 13h, AH = 10h - TEST DRIVE READY- 


INT 13h, AH = 10h tests the status of the DRIVE 
READY- signal on the selected fixed disk drive. 


INPUT: 
AH = 10h 
DL = Drive Select (80h. .81h) 


AH MTT | AL 


3) OE 
CXL LTT LTT TATA LATA TT 


DHYSSITTTTLTLL TTT DRIVE DL 


OUTPUT: 
If CF = 0, AH = 00h (Successful Completion), drive 
ready 
If CF = 1, AH = Status, Operation Error, Disk not 
ready 


ITAA. 


FLITE TTT TAAL AAA TT. 
LTT TTT. 
LTT TTT LTT TAAL 


AH AL 


DX 


INT 13h, AH = 11h - RECALIBRATE DRIVE 


INT 13h, AH = 11h instructs the specified fixed disk 
drive to recalibrate. The fixed disk drive 
recalibrates by positioning the fixed disk drive at 
track 000. 


AH = ilh 
= Drive Select (80h. .81h) 


MMA. 


TUM 
LTT TTT TTT TAT AAT. 


LITT TT. DRIVE 


OUTPUT: 
If CF = 0, AH 
If CF = 1, AH 


MMT. 
MMA AAT. 


ILI TLE TATA TTT. 
TUTTE TAT TAT TTT TAT 


AL 


DH DL 


00h (Successful Completion) 
Status, Operation Error 


AH AL 
BX 
CX 


DX 
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INT 13h, AH = 14h - CONTROLLER DIAGNOSTIC 


INT 13h, AH = 14h instructs the fixed disk drive 
controller to run a self-test (diagnostic). 


INPUT: 
AH = 14h 
DL = Drive Select (80h. .81h) 


MMT. 


LITT TT TTL. 
TTT TTT TATA AAT TTT 


MIATA |_—__ RINE | 


OUTPUT: 
If CF = 0, AH = 00h (Successful Completion) 
If CF = 1, AH = Status, Operation Error 


ITIL. 


LITT TTT LAAT TAT TT. 
FIITEITLT TTL A ATTA. 
TITTLE ALATA ATTA TTT. 


AH AL 
BX 
CX 


DH 


DL 


AH AL 
BX 
CX 


Dx 


INT 13h, AH = 15h - GET TYPE OF DRIVE 


INT 13h, AH = 15h returns a drive-type code for the 
drive specified. 


INPUT 
AH = 15h 
DL = Drive Select (00h..02h or 80h. .81h) 


15h TITTTTTTTL TTL T | AL 
FTITITITTT LL LTA TTT TAT TATA. 
FTITTTTTTTTA TT TAAAALTATT. 


TTT 1 


OUTPUT: 
AH = Type of Drive 
00h = Drive not present 
Olh = Diskette without change line 


AH 
BX 
CX 
DH 


DL 


02h = Diskette with change line 
03h = Fixed disk drive 


CX:DX = If drive type = 03h, CX:DX is the capacity of 


the drive, in 512-byte sectors. Otherwise, 
CX:DX are unchanged. 


00h 
MATA 
CAPACITY IN SECTORS <31..16> 


CAPACITY IN SECTORS <15. .0> 


AH AL 
BX 
CX 


DX 


5S 5555080066666 0 0 0 
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INT 76h - HW - IRQ14, FIXED DISK DRIVE INTERRUPT 


INT 76h interrupt occurs at the completion of a fixed 
disk drive operation. The vector for this interrupt 
points to the entry point of the Fixed Disk Drive 
Operation Complete routine. The source of this 
interrupt is the fixed disk drive controller 
hardware. 


ROM ENTRY: Points to ROM Fixed Disk Drive Interrupt 
handler. 


ROM ACTION: Calls made to the ROM using INT 13h for 
fixed disk I/0 are normally suspended internally 
until INT 76h occurs, signifying completion. 


INPUT: None. 
OUTPUT: None. 
USE: The vector for this interrupt can be changed to 
intercept fixed disk I/0 operations for special real- 


time operating system requirements, such as 
concurrent diskette drive I/0. 


INT 41h - PTR - FIXED DISK DRIVE 1 PARAMETER TABLE 


The vector for INT 41h points to a fixed disk drive 
parameter table (described below) which contains 
drive-dependent information used to program the fixed 
disk drive controller. 


Parameter Offset 
MAX CYLINDERS +00h 
+02h 


DRIVE CONTROL 
RESERVED 
RESERVED 


RESERVED 


Drive Control 


BIT 
76543210 


LLI1— 999 (Not used) 
1 = More than 8 heads 


11 = Disabled 


INT 46h - PTR - FIXED DISK DRIVE 2 PARAMETER TABLE 


The vector for INT 46h points to a fixed disk drive 
parameter table (described below) that contains 
drive-dependent information used to program the fixed 


disk drive controller. 


Parameter 


Drive Control 


BIT 
76543210 


EE 


000 (Not used) 
1 = More than 8 heads 
00 (Not used) 


WRITE PRECOMPENSATION CYLINDER 


Retries 
00 = Enabled 
11 = Disabled 


Offset 
+00h 
+02h 
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The Drive Control byte is 00h for a fixed disk drive 
with 8 heads or fewer. The Drive Control byte is 08h 
for a fixed disk drive with 9 heads or more. 


Table 4-31 lists the typical values for the fixed 
disk drive parameter table. Drive types 17 and 25 
are used for the 40-MB and 130-MB drives. A value of 
-1 for the Write Precompensation Cylinder byte means 
that no write precompensation is used for that fixed 
disk drive. The values (number of heads and 
cylinders) for the other drive types are subject to 
change. 


Table 4-31. Fixed Disk Drive Parameter Table Values 
Pre- Landing Cap- 

Drive Cyl- Max Comp Zone Sectors/ pacity 

Type__inders Heads Cyl. Cyl. Track (MB) 
1 306 4 128 305 17 10.65 
2 615 4 128 638 i? 21.41 
3 615 6 128 615 17 32.12 
4 1024 8 512 1023 17 71.30 
5 940 6 512 939 17 49.09 
6 697 5 128 696 17 30.33 
7 462 8 256 511 17 32.17 
8 925 5 128 924 17 40.26 
9 900 15 No 899 17 117.50 
10 980 5 No 980 17 42.65 
ll 925 7 128 924 17 56.36 
12 925 9 128 924 17 72.46 
13 612 8 256 611 17 42.61 
14 980 4 128 980 L7 34.12 
15 0 0 0 0 0 0 
16 612 4 0 612 17 21,31 
17 980 5 128 980 17 42.65 


(Continued) 
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Table 4-31. Fixed Disk Drive Parameter Table Values Table 4-31. Fixed Disk Drive Parameter Table Values 
Pre- Landing Cap- (Concluded) 

Drive Cyl- Max Comp Zone Sectors/ pacity Pre- Landing Cap- 
Type _inders Heads Cyl. Cyl. Track (MB) Drive Cyl- Max Comp Zone Sectors/ pacity 
18 966 6 128 966 17 50.45 Type__inders_ Heads Cyl. Cyl. Track (MB) 
19 1023 8 No 1023 17 71.23 33 966 5 No 966 34 84.08 
20 733 5 256 732 17 31.90 34 966 7 No__966 34 WAL 
21 733 7 256 = 732 17 44.66 35 966 8 No 966 34 134.53 
22 768 6 No 768 17 40.11 36 966 9 No 966 34 151.35 
23 771 6 No 771 17 20.16 37 966 5 No 966 34 84.08 
24 966 14 No 966 17 117.71 38 1023 9 No 1023 33 155.56 
25 966 16 No 966 17 134.53 39 1023 11 No 1023 33 190.13 
26 1023 14 No 1023 17 124.66 40 1023 13 No 1023 33 224.70 
27 966 10 No 966 17 84.08 41 1023 15 No 1023 33 259.27 
28 771 3 No 771 17 20.11 42 1023 16 No 1023 34 284.93 
29 578 4 No 578 17. 20.09 43 756 4 No 756 26 40.26 
30 615 4 128 615 25 31.49 44 756 2 No 756 26 20.13 
31 615 8 128 615 25 62.98 45 768 4 No__ 768 26 40.89 
32 966 3 No 966 34 50.45 46 768 2 No 768 26 20.45 

(Continued) 47 966 5 128 966 25 61.82 


4.14 VIDEO INTERRUPTS 


Information in this section describes the video BIOS 
functions as contained in the COMPAQ DESKPRO 386 
system ROMs. When a video board containing its own 
BIOS ROM is installed, many of the video functions 
are extended or replaced. See the BIOS technical 
information for the specific video board option for 
details. 


The BIOS video interrupts provide access to the video 
display controller using software interrupt INT 10h. 
Many functions are provided, including: 


= Initializing the display in one of several formats 
= Reading from or writing to the screen memory 
= Scrolling a window on the display. 


Two other interrupts, INT 1Dh and INT 1Fh, are 
provided for altering the CRT controller parameters 
and providing an extension to the graphics mode dot 
table. 


Up to two video display controllers are supported: a 
color/graphics controller that uses memory addresses 
beginning at 0B8000h, and/or a monochrome/text video 
display controller that uses memory addresses 
beginning at OB0000h. However, BIOS has the 
capability of initializing and supporting only one 
active display controller at a time. 


Software Aspects and BIOS 4-121 


During power-up, the BIOS checks the configuration 
memory, byte (0040:0010), bits <5..4> to determine 
the type of display used initially. The initial 
display mode can be either: 1) 40 x 25 
color/graphics or 80x25 character text mode, or 2) 
the monochrome/text display in 80 x 25 character 
format. 


Use the Set Video Mode command (INT 10h, AH = 00h) to 
initialize the video display controller. 


Whether to use BIOS or to directly access the screen 
memory depends on how much software portability or 
application performance is needed. 


Updating the screen memory of a COMPAQ video display 
controller or a monochrome/text display controller 
requires no waiting for display retrace or screen 
blanking periods. However, most color/graphics 
display controllers require screen memory to be 
updated (or read) only when the display is inactive. 
This requirement prevents display "snow" from 
appearing on the screen during access. 


Table 4-32 lists the BIOS video interrupts. Table 
4-33 lists the memory locations used. 


i EERE 
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Table 4-32. Video Interrupts 
Interrupts Type Function 


INT 10h SW Video 1/0 
INT 1Dh PTR Video Parameter Table 
INT 1Fh PTR Dot Table 


Table 4-33. Memory Locations Used by Video 
Interrupts 


Memory 

Location Bytes Function 

0000:0040 4 INT 10h Vector 

0000:0074 4 INT 1Dh Vector 

0000:007C 4 INT 1Fh Vector 

0040:0049 1 Current Video Mode 
0040:004A 2 Number of Columns on Screen 


0040:004C 2 Length of Screen Memory (in bytes) 


0040:004E 2 Start of Screen Memory 
0040:0050 16 Cursor Save Area for Each Page 


(8 entries) 
Cursor Mode (start and end 
scan] ine) 


0040:0062 1 Current Page Being Displayed 


0040:0060 2 


0040:0063 2 Base Address of Active Video 
Interface Board 

0040:0065 1 Current Mode 

0040:0066 1 Current Color 


INT 10h - SW - Video 1/0 


INT 10h performs all functions related to the video 
display. 


ROM ENTRY: Points to Video I/0 ROM entry point. 


ROM ACTION: Upon entry, control is transferred to one 
of 17 routines (listed below) based on the function 
code in register AH. Illegal function codes cause 
control to simply return. 


Function Summary 

AH Action 

00h Set Video Mode 

Olh_ _Set Cursor Type 

02h Set Cursor Position 
03h Read Cursor Position 


04h __Read Light Pen Position 
O5h_ Select Active Display Page 


O6h Scroll Active Page Up 
07h Scroll Active Page Down 


08h Read Attribute/Character 
09h _ =Write Attribute/Character 
OAh_ Write Character Only 

OBh Set Color Palette 

OCh Write Dot 

ODh Read Dot 

OEh Write TTY 

OFh Read Current Video State 
13h Write String 
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INT 10h, AH = 00h - SET VIDEO MODE 


INT 10h, AH = 00h loads the video display controller 
registers with values for the specified video mode. 


INPUT: 
AH = 00h 
AL = Mode (00h. .07h) 
00h = 40 x 25 B&W 
Olh = 40 x 25 Color 
02h = 80 x 25 B&W 
03h = 80 x 25 Color (standard) 
04h = 320 x 200 Color 
05h = 320 x 200 Baw 
06h = 640 x 200 Baw 
07h = 80 x 25 Monochrome (not compatible with 


COMPAQ monitors 


AH MODE 


BXYIILIITL LITT TL LTT AAATTLLLTLT. 
CXL TTL TTL TTA ATA. 
DXP/LIILTTLT TTT TTL TT LTT TT. 


AL 


OUTPUT: None. 


Modes 0 and 1 use 8 x 8 dot-character cells from the 
character ROM on the video display controller. 


Modes 2 and 3 use the 9 x 14 dot-character cells from 
the character ROM on the video display controller. 
Alternately, the 8 x 8 dot mode can be chosen by 
pressing the Ctrl, Alt, and < (less-than) keys 
simultaneously. 


Modes 4, 5, and 6 display the 8x8 dot cell characters 
using ROM firmware to read a look-up table in the 
system ROM and write the dots on the screen. 


Mode 7 directs video I/0 to an optional monochrome 
display controller board (not available from COMPAQ). 


When switching between high-definition (Modes 2 or 3) 
and any other mode, there is a 500-ms delay to allow 
the COMPAQ Dual-Mode Monitor to change frequencies. 


Color burst on the composite-video output is not 
enabled in black-and-white (B&W) modes; otherwise B&W 
and color operate in an identical manner. 
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INT 10h, AH = O1h - SET CURSOR TYPE The following tabulation lists the adjustment: 
INT 10h, AH = 01h specifies the scan lines used for IN x 14/8 OUT(SCAN LINE) 
the cursor. 0 0.00 0 

1 1.75 2 

2 3.50 4 
INPUT: 3 5.25 5 
AH = Olh 
CH = Start Line Number for Cursor in Bits <4..0> 3 cue d 
CL = End Line Number for Cursor in Bits <4..0> 3 B78 2 

6 10.50 11 
AH} Oth AASAIITILTTIL | AL 7 12.25 12 
4 AMA 8 (See Note) 8 
CH} START LINE # | END LINE # | CL ; : 
A 31 31 

Note: When the start or stop line exceeds 7, both 

OUTPUT: None. values are passed unaltered to the CRT 


controller. 
Note: The Set Cursor Type function takes special 
action if the current mode is 02h or 03h 
(80 x 25) and the high-definition (9 x 14 dot 
cell) character set is in use. 


For 9 x 14-pixel displays, the BIOS code multiplies 
the incoming start and stop lines by 14/8 and rounds 
the result to the nearest integer to map it to a cell 
that is 14 scan lines high instead of 8. 
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INT 10h, AH = 02h - SET CURSOR POSITION 


INT 10h, AH = 02h places the cursor at the specified 
screen location. 


BH = Page Number (0..7) for Modes 0, 1; 
(0..3) for Modes 2, 3; 
(0) for Modes 4..7. 
Row (0..24) 
Column (0..39) for Modes 0, 1; 
(0..79) for Modes 2, 3, 7. 


AH Ta 
BH MIATA. 


CXL TTT TTT TTT TATA TT. 
DH ROW COLUMN 


o 
4 
tow 


AL 
BL 


DL 


OUTPUT: None. 


INT 10h, AH = 03h - READ CURSOR POSITION 


INT 10h, AH = 03h returns the current horizontal and 
vertical position of the cursor. 


AH = 03h 

BH = Page Number (0..7) for Modes 0, 1; 
(0..3) for Modes 2, 3; 
(0) for Modes 4..7. 


AL 
BL 


OUTPUT: 
CH = Start Line Number For Cursor in Bits <4..0> 


CL = End Line Number for Cursor in Bits <4..0> 
DH = Row 
DL = Column 


AXT/TITITLT TTT TLL LLL TTT TL. 


A 
CH] START LINE # | END LINE # | CL 


DH DL 


COLUMN 


a ee Ee. 
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The Read Cursor Position function takes special 
action if the current mode is 2 or 3 (80 x 25) and 
the high-definition (9 x 14 dot cell) character set 
is in use. Since the applications program expects a 
number in the range (0..7), and the physical line 
number is in the range (0..13), the BIOS first 
multiplies the number by 8/14 and rounds the result 
to the nearest integer. 


The following tabulation gives the high-resolution 
display mapping: 


In Out 
(Scan Line) x 8/14 Returned) 


( 
0 .00 0 
Bey 1 
14 1 
71 2 
29 2 
86 3 
43 3 
00 4 
wey 5 
14 5 
aula 6 
29 6 
86 7 
43 7 


COlNI Dal] w]pr]re 


co 
NDI DIO afE| wir [rl |e |olo 


all Lamell (aed Lomed 
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INT 10h, AH = 04h - READ LIGHTPEN POSITION 


INT 10h, AH = 04h reads the contents of the lightpen 
register on the video display controller. The light- 
pen register specifies the pixel position of the 
lightpen on the screen. 


INPUT: 
AH = 04h 


AH MMA. 


BXVSILITLTLT LLL TLL TATA TT. 
CXITTILILI TTT TAT LTA TTT AT 
DXY/SILTTLT TTT TTT TATA TAA TTT. 


AL 


OUTPUT: 
AH = 0 Lightpen Switch Not Triggered 
1 Valid Lightpen in Registers 


BX = Pixel Column (0..319) for Modes 4, 5; 
(0..639) for Mode 6 

CH = Raster Line (0..199) 

DH = Row of Character Lightpen is on 

DL = Column of Character Lightpen is on 

AH[ PEN VALID. | ////////I////// | AL 

BX PIXEL COLUMN 

CH] RASTER LINE | ///////////I/// | CL 

DH] CHAR ROW | CHAR COLUMN | DL 


The lightpen resolution is equivalent to the 
character-grid layout of the screen. 


a ee Ee 
Software Aspects and BIOS 4-127 


INT 10h, AH = 05h - SELECT ACTIVE DISPLAY PAGE INT 10h, AH = 06h - SCROLL ACTIVE PAGE UP 
INT 10h, AH = 05h specifies the active display page. INT 10h, AH = O6h scrolls an arbitrary window in the 
INPUT: display up by the specified number of lines. 
AH = 05h INPUT: 
AL = New Page Value (0..7) for Modes 0, 1; AH = 06h 

(0..3) for Modes 2, 3; AL = Number of Lines to Scroll] (0..25) 

(0) for Mode 7. AL = 0 means Blank Entire Window 

BH = Attribute Used on Blank Lines (00h. .FFh) 

AH] 05h NEW PAGE VALUE _| AL CH = Scroll] Row - Upper-left Corner (0. .DH) 
BXYLTSTILTTTT TTT TAT LTA ATTA TAT CL = Scroll] Column - Upper-left Corner (0. .DL) 


DH = Scroll Row - Lower-right Corner (CH. .24) 
DL = Scroll] Column - Lower-right Corner 
(CL..39) for Modes 0, 1; 
(CL..79) for Modes 2, 3, 7 


CX 
DX 


LITT. 
FTI TA ATTA TT. 


OUTPUT: None. 


INT 10h, AH = 05h is not valid for the graphics 
display modes. 


Ce Ee 
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AH NUMBER OF LINES | AL 
BH BL 
CH U.L. COLUMN | CL 
OH DL 


BIT 

76543210 
Foreground Color 
000 = Black 
001 = Blue 
010 = Green 
011 = Cyan 
100 = Red 
101 = Magenta 
110 = Yellow 
111 = White 
Intense 
Background Color (use above values) 
Blink 


OUTPUT: None. 


The input lines are blanked at the bottom of the 
window. 


The normal value for the attribute byte is 07h. 


INT 10h, AH = 07h - SCROLL ACTIVE PAGE DOWN 


INT 10h, AH = 07h scrolls an arbitrary window in the 
display down by the specified number of lines. 


INPUT: 
AH = 07h 
AL = Number of lines to scroll (0..25) 
BH = Attribute used on blank lines (00h. .FFh) 
CH = Scroll row - upper-left corner (0..DH) 
CL = Scroll column - upper-left corner (0..DL) 
DH = Scroll row - lower-right corner (CH. .24) 
DL = Scroll column - lower-right corner 
(CL..39) for Modes 0, 1; 
(CL..79) for Modes 2, 3, 7 


AL 


AH NUMBER OF LINES 


BH ATTRIBUTE FITELTTLATTT LTT | BL 
CH U.L. ROW U.L. COLUMN CL 
DH L.R. ROW L.R. COLUMN DL 


BIT 
76543210 


Foreground Color 


000 = Black 
001 = Blue 
010 = Green 
011 = Cyan 
100 = Red 

101 = Magenta 
110 = Yellow 
111 = White 
Intense 
Background Color (use above values) 
Blink 


OUTPUT: None. 


The input lines are blanked at the top of the window. 


The normal value for attribute byte is 7. 
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INT 10h, AH = 08h - READ ATTRIB./CHAR. 
AT CURSOR POSITION 


INT 10h, AH = 08h returns the ASCII code and 
attribute byte for the character at the specified 
screen position. 


INPUT: 

AH = 08h 

BH = Display page in the text modes only 
(0..7) for Modes 0, 1; 
(0..3) for Modes 2, 3; 
(0) for Modes 4, 5, 6, 7. 


AH MITTAL 
BH TTT 


CXL LTT TTL TTT TT 
DX/ILTTTT TTT TTL LT TTT TT, 


AL 
BL 


OUTPUT: 
AL = Character Read 
AH = Attribute of Character Read 


AH ATTRIBUTE CHAR READ AL 


BXVSILTTLTTTT LTT LT LT TTT TTT 
CXL TTT LTT TT ATTA TT 
DX TTT TTT LAT ATT. 
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For the Read- and Write-character functions while in 
the graphics mode, the characters are formed from a 
character-dot image in the system ROM. Only the 
first 128 characters are in the ROM. INT 1Fh points 
to a user-supplied table that contains the dot 
patterns for the second 128 characters. 


For Modes 4, 5, and 6 (graphics modes), a space can 
be written with a 00h or a 20h, but only a 00h will 
be read back. For Modes 4, 5, and 6, the attribute 
returned in AH is not valid. 


INT 10h, AH = 09h - WRITE ATTRIBUTE/CHARACTER 
AT CURSOR POSITION 


INT 10h, AH = 09h writes the ASCII code and attribute 
byte for the character at the specified screen 
position. 


INPUT: 
AH = 09h 
AL = Character to Write (00h. .FFh) 
BH = Display Page in Text Modes Only 
(0..7) for Modes 0, 1; 
(0..3) for Modes 2, 3; 
(0) for Modes 4, 5, 7. 
BL = Attribute of Character to Write 
If bit 7 of BL = 1, then the color value is 
XORed with the current contents of the 
character. 
CX = Count of Characters to Write 
(1..1024) for Modes 0, 1; 
(1..2048) for Modes 2, 3, 7; 
(1..40) for Modes 4, 5; 
(1..80) for Mode 6 


AH CHARACTER 
BH] DISPLAY PAGE ATTRIBUTE 


CX} COUNT OF CHARACTERS TO WRITE 
DX LILI LTT LTT LLL 


AL 
BL 


OUTPUT: None. 


For the Read- and Write-character functions while in 
the graphics mode, the characters are formed from a 
character-dot image in the System ROM. Only the 
first 128 characters are in the ROM. INT 1Fh points 
to a user-supplied table that contains the dot 
patterns for the second 128 characters. 


The maximum character count is limited in the text 
modes to the end of display page. 


When in graphics Modes 4, 5, or 6, the replication 
factor contained in register CX will produce valid 
results only for characters on the same row. 
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INT 10h, AH = OAh - WRITE CHARACTER 
AT CURSOR POSITION 


INT 10h, AH = OAh writes the ASCII code to the 
specified cursor position. 


INPUT: 

AH = OAh 

AL = Character to Write 

BH = Display Page in Text Modes Only 
(0..7) for Modes 0, 1; 

(0..3) for Modes 2, 3; 

(0) for Modes 4, 5, 6, 7. 
Attribute (Graphics modes only) 
Count of Characters to Write 
(1..1024) for Modes 0, 1; 
(1..2048) for Modes 2, 3, 7; 
(1..40) for Modes 4, 5; 

(1..80) for Mode 6 


BL 
CX 


AL 
BL 


AH 
BH 
CX 
DX 


Ah CHARACTER 


DISPLAY PAGE ATTRIBUTE 


COUNT OF CHARACTERS TO WRITE 
LTT LTT TTT TTT. 


OUTPUT: None. 


a a eh es 
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For the Read- and Write-character functions while in 
graphics mode, the characters are formed from a 
character-dot image in the system ROM. Only the 
first 128 characters are in the ROM. INT 1Fh points 
to a user-supplied table that contains the dot 
patterns for the second 128 characters. 


The maximum character count is limited in the text 
modes to the end of display page. 


When in graphics modes 4, 5, or 6, the replication 
factor contained in register CX will produce valid 
results only for characters on the same row. 


INT 10h, AH = OBh - SET COLOR PALETTE 


INT 10h, AH = OBh specifies the color generated by 
the color palette for a color ID. 


INPUT: 
AH = OBh 
BH = Palette Color ID Being Set (0..127) 


BL = Color Value to be used with that Color ID 


This interrupt has meaning only for Modes 4, 5 
Color ID = 0 selects the background color (0..15). 
Color ID = 1 selects the palette to be used. 


AH] 0Bh OY SSAIIIILIIITIL | AL 
BH] COLOR ID | COLOR VALUE | BL 


CXL TTT TTT LTT ALLA ATT 
DXPSITLITTT TTT LL TTT TTL ALATA. 


The following tabulation lists the color values and 
the resulting colors. 


Value Color Value Color 

0 Black 8 Gray 

1 Blue 9 Light blue 

2 Green 10 Light green 

3 Cyan 11 Light cyan 

4 Red 12 Light red 

5 Magenta 13 Light inagenta 
6 Brown 14 Yellow 

7 White 15 White 


OUTPUT: None. 


—_—.0SSSS———— 


Software Aspects and BIOS 4-133 


i a 


INT 10h, AH = OCh - WRITE PIXEL 


INT 10h, AH = GCh specifies the color of a pixel at 
the specified position. 


INPUT: 
AH = 0Ch 
AL = Color Value 


(0..3) or (80h..83h) for Modes 4, 5; 

(0..1) or (80h..81h) for Mode 6 if bit 7 of AL 
is set to 1, then the color value is XORed 
with the current contents of the dot. 


CX = Column Number 
(0..319) for Modes 4, 5; 
(0..639) for Mode 6 
DX = Row Number (0..199) 
AH] _—0Ch_~——SsYSCOLOR VALUE | AL 


BX 
CX 
DX 


MMMM TTTTTTL 


The following table lists the color values and the 
resulting colors. 


Value Color Set Color 

0 Standard Background 
1 Standard Green 

2 Standard Red 

3 Standard Brown 

0 Alternate Background 
1 Alternate Cyan 

2 Alternate Magenta 

3 Alternate White 


OUTPUT: None. 


_———— EEE 
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INT 10h, AH = ODh - READ PIXEL 


INT 10h, AH = ODh returns the color value for the 


specified pixel. 


INPUT: 

AH = ODh 

CX = Column Number 
(0..319) for Modes 4, 5; 
(0..639) for Mode 6 

DX = Row Number (0..199) 


AH TT 


3) 4 MA 
CX COLUMN NUMBER 
DX ROW NUMBER 


AL 


OUTPUT: 

AL = The color value for the pixel read 
(0..3) for Modes 4, 5 
(0..1) for Mode 6. 


IITTITTTTT TTT |__ COLOR VALUE 


ITT TTT TTT TTT ATA TL. 
A 
MUTUAL 


AH AL 


DX 


This function has significance only for graphics 


Modes 4, 5, and 6. 


INT 10h, AH = OEh - WRITE TTY 


INT 10h, AH = OEh writes characters to the screen as 
though the screen were a TTY receiving device. Only 
four ASCII codes are interpreted as standard TTY 
codes. The four ASCII codes are BEL, BS, LF, and CR. 
Characters are displayed for all other codes. 


INPUT: 
= OEh 
AL = Character to Write 


BL = Foreground Color in Graphics Mode 
(0..3) for Modes 4, 5; 
(0..1) for Mode 6 
AH AL 
BH BL 
CXISITITITIT TIT TATATATATALT TT. 
1) 4 A 


OUTPUT: None. 


The screen width is controlled by the previously set 
mode. 


The display page used is the active display page. 
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INT 10h, AH = OFh - READ VIDEO STATE 


INT 10h, AH = OFh returns the current screen width, 
display mode, and active display page. 


INPUT: AH = OFh 


AH MMA. 


DG PAA 
CXL TTT LTT TTT TTA TTT 
DXPLILITLT LTT TLL TTT ATTA AT. 


AL 


QUTPUT: 

AH = Number of character columns on screen (40 or 80) 
AL = Mode set (0..7) 

BH = Active display page (0..7) 

AH] SCREEN WIDTH MODE AL 


BH 
CX 
DX 


MLILTTATTTT TALL | BL 


LITTLE TATA ALLA ATT. 
A 


INT 10h, AH = 13h - WRITE STRING 


INT 10h, AH = 13h writes a character string to the 
screen, starting at the specified position. 


INPUT: 
AH = 13h 
AL = Format code (0..3) 
AL = 0, the string format is {char, char, 
...,char} and the cursor IS NOT moved. 
AL = 1, the format of string is {char, char, 
...,char} and the cursor IS moved. 
AL = 2, the format of string is {char, attr, 
...,char, attr} the cursor IS NOT moved. 
AL = 3, format of string is {char, attr, 
.,char,attr} and the cursor IS moved 


BH = Display page (0..7) 
BL = Attribute 
CX = Length of string 


DX = Cursor position to write string 
ES:BP = Pointer to string 


AH FORMAT CODE 


AL 


BH| DISPLAY PAGE ATTRIBUTE BL 
CX STRING LENGTH 


DL 


0H COLUNN 


BP STRING OFFSET 
ES STRING SEGMENT 


OUTPUT: None. 


ee —E——E———————————— 
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INT 1Dh - PTR - VIDEO PARAMETER TABLE 


INT 1Dh points to a table of parameters that 
initializes the 6845 CRT controller after an INT 10h 
Set Video Mode command is issued. 


ROM ENTRY: Points to ROM Default Video Init Parameter 
Table. 


ROM ACTION: Not applicable. 
INPUT: None. 
OUTPUT: None. 


USE: INT 1Dh can be used to supply a substitute 
parameter table for different CRT controller 
operating conditions. For example, the horizontal- 
sync position can be changed to compensate for 
certain monitors. 


The vector at 0000:0074 for INT 1Dh can be changed to 
point to a user-supplied table consisting of four 16- 
byte entries. 


The following chart shows the format of the video 
mode parameter table. 


Offset 
Modes 0, 1 
Modes 2, 3 
Graphics Table +20h 
Modes 4, 5, 6 
+30h 


Monochrome Table 
Mode 7 


There are actually two video mode parameter tables in 
ROM to accommodate switching between 9 x 14 dot cells 
and 8 x 8 dot cells (for External Color RGB Monitors) 
in the 80 x 25 character mode. Switching the 
parameter tables is accomplished by the keyboard 
interrupt handler. 


Pressing the Ctr] + Alt + < (less-than) keys forces 
the 80 x 25 display to 8 x 8 dot cell characters and 
the complimentary Ctr] + Alt + > (greater-than) 
switches to 9 x 14 dot cells. Only the table for the 
80 x 25 entry differs between 8 x 8 mode and 9 x 14 
modes. 


Table 4-34 lists the typical values for various video 
modes. 
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Table 4-34. Typical Parameters for Various Video Modes 


DEFAULTS (Decimal ) 


Ctrl + Alt + > Ctrl + Alt+< 
Parameter 40x25 80x25 Graphics Mono 40x25 80x25 Graphics Mono 
Horizontal total in characters 56 113 56 97 56 113 56 97 
Horizontal display in characters 40 80 40 80 40 80 40 80 
Horizontal sync position in characters 45 90 45 82 45 90 45 82 
Horizontal sync width in characters 10 10 10 15 10 10 10 15 
Vertical total in character rows 31 25 127 25 31 31 127 25 
Vertical total adjust in scan 6 6 6 6 6 6 6 6 
Vertical display in character rows 25 25 100 25 25 25 100 25 


Vertical sync position in character row 28 25 112 25 28 28 112 25 


Interlace mode 2 2 2 
Max scan line address 13 13 13 
Cursor start scan 


IN I}r 
De Ir 
a |W /r 
|W I/r 
ale Ir 
an 

ar 


ee 
me 
rary 
— 


Cursor end scan 7 12 7 12 7 7 7 12 
Start address (H) 0 0 0 0 0 0 0 0 
Start address (L) 0 0 0 0 0 0 0 0 
Cursor address (H) 0 0 0 0 0 0 0 0 
Cursor address (L) 0 0 0 0 0 0 0 0 


———————————— ee 
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INT 1Fh - PTR - DOT TABLE 


INT 1Fh points to a user-supplied dot table used to 
generate and read 8x8 dot graphics characters in 
Modes 4, 5, and 6. This table is needed only for 
those characters within the range of 80h..FFh. 


ROM ENTRY: 0000:0000 

ROM ACTION: INT 1Fh is used exclusively by the INT 
05h Print Screen and INT 10h Video I/O routines, and 
then only in the graphics modes for the upper-128 
character set. 

INPUT: None. 

OUTPUT: None. 


USE: The user must set INT 1Fh to point to a supplied 
table as follows. 


Leftmost column 


Rightmost column 


Character 

80h: Byte Offset 

Top Row x +000h 
| | +001h 
Ba +002h 
| | +003h 
| | +004h 
| | +005h 
| | +006h 

Bottom Row ia +007h 

Character 

FFh: 


Top row +3F8h 
+3F9h 


pottom row[ | [TT [ TT [J +3rrn 


The following paragraphs describe how to program 


video memory for 8 x 8 dot patterns. 


For example: To make a question mark (?) the 
character for code 81h, begin at offset +008h (81h - 
80h) x 8 = +008h. Left-justify alphanumeric 
characters in the cell. Visible dots are usually 


composed of two adjacent cells ON. 


The bottom row is 


normally blank (00h), except for descenders and 


special graphics characters. 


Contents 
78h 
CCh 
0Ch 
18h 
30h 
00h 
30h 
00h 


Offset 
+008h 
+009h 
+00Ah 
+00Bh 
+00Ch 
+00Dh 
+00Eh 
+00Fh 
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4.15 MISCELLANEOUS INTERRUPTS 


This section contains information on the unused 
hardware interrupts and miscellaneous information 
locations in the BIOS ROM. Seven unused interrupts 
are available for use by optional interface boards 
and user-written applications or system software. 


Table 4-35 lists the BIOS Miscellaneous Interrupts. 
Table 4-36 lists the memory locations used. 


Table 4-35. Miscellaneous Interrupts 


Interrupts 


Available Type Function 

INT OAh HW Simulated IRQ2 
INT ODh HW IRQ5 

INT 71h HW IRQQ 

INT 72h HW IRQ10 

INT 73h HW IRQ11 

INT 74h HW IRQ12 


INT 77h HW IRQ15 
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Table 4-36. Memory Locations Used by Miscellaneous 
Interrupts 


= 
0} 
3 
oO 
=S 
=< 


Location Bytes Function 

0000:0028 4 INT OAh Vector 
0000:0034 4 INT ODh Vector 
0000:01C4 4 INT 71h Vector 


0000:01C8 4 INT 72h Vector 
0000:01CC 4 INT 73h Vector 
0000:01D0 4 INT 74h Vector 
0000:01DC 4 INT 77h Vector 


INT OAh - HW - SIMULATED IRQ2 
- CPU - INVALID TSS 


INT OAh provides compatibility with 8088/8086-based 
products that expect pin B04 of the system bus to be 
IRQ2. On COMPAQ 80386-based products, bus pin B04 of 
the expansion bus is actually connected to IRQ9, 
which is vectored through INT 71h. Therefore, for 
system compatibility with 8088/8086-based products, 
IRQ9 interrupts vectored through INT 71h are 
redirected by the BIOS to INT OAh. 


INT ODh - HW - IRQS 
- CPU - GENERAL PROTECTION 


INT ODh normally handles the interrupts from IRQ5, 
which is unused. However, if operating in the 
Protected mode, INT ODh is also issued by the 80386 
when a General Protection exception is detected. 


Operating system software running in the Protected 
mode can readily relocate hardware interrupts IRQO 
through IRQ7 to another block of eight interrupt 
vectors to avoid conflict with CPU-type INT ODh. 
(See INT 15h, AH = 89h.) 


ee ee 


INT 71h - HW - IRQQ 


INT 71h receives the interrupts from IRQ9. 


On 8088-/8086-based products, bus pin B04 of the 
expansion bus is connected to IRQ2, which is vectored 
through INT OAh. On COMPAQ 80386-based products, bus 
pin B04 is connected to IRQ9, which is vectored 
through INT 71h. For system compatibility with 
8088/8086-based products, interrupts vectored through 
INT 71h are redirected by the BIOS to INT OAh. 


INT 72h - HW - IRQIO 
INT 72h receives the interrupts from IRQ1O. 


Should an INT 72h occur, BIOS performs an interrupt 
return. 
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INT 73h - HW - IRQI1 


INT 73h receives the interrupts from IRQ11. 


Should an INT 73h occur, BIOS performs an interrupt 
return. 


INT 74h - HW - IRQ12 


INT 74h receives the interrupts from IRQ12. 


Should an INT 74h occur, BIOS performs an interrupt 
return. 


INT 77h - HW - IRQI5 


INT 77h receives the interrupts from IRQ15. 


Should an INT 77h occur, BIOS performs an interrupt 
return. 
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4.16 SPECIAL BIOS ROM LOCATIONS 


The ROM memory locations described in the following 
sections are supplied in COMPAQ products. 


Table 4-37 lists the special BIOS ROM locations. 
Table 4-37. Special BIOS ROM Locations 


es ne 


Address Bytes Function 


a 


FOOO:FFE6 2 Revision Code 
FOOO:FFE8 2 BIOS Type Code 
FOOO:FFEA 6 Machine ID 
FOOO:FFFE 1 Machine Type Code 


ROM Revision Code 


The BIOS ROM contains a 2-byte revision code at 
address F000:FFE6. The contents of this memory 
location are in printable ASCII, left-justified and 
blank filled (if necessary). 


BIOS Type Code 


The BIOS type is identified by a 2-byte ASCII code at 
address F000:FFE8. The contents of this memory 
location are 30h,33h ("0","3") for COMPAQ DESKPRO 386 
products. 


Machine ID 


COMPAQ Personal Computers can be identified by a 6- 
byte string at address F000:FFEA that contains 
"COMPAQ" in uppercase ASCII code. 


Machine-Type Code 


The machine type is identified by a 1-byte code at 
address FO00:FFFE. It contains FCh for COMPAQ 
PORTABLE 286 products, COMPAQ DESKPRO 286 products, 
COMPAQ Portable II products, and COMPAQ DESKPRO 386 
products. The machine-type code is provided for 
compatibility with 80286-based software. 


Oo 


C 
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INDEX 


1- to 2-MB memory expansion board 3-10 
4- to 8-MB memory expansion board 3-10 
6845, see video display controller 11-8 
8042, see also keyboard controller 2-78 
8237, see also DMA controller 2-40 
8254, see also timer 4-41 
80287, coprocessor 2-64 
80386 microprocessor 4-1 
anomalies 4-7 
software compatibility 4-5 
software features 4-3 
A 
adresses—SSSSSCSCSCSCSSSCSCSSSSSS 


1/0 (see I/0 ports) 
interrupts (see memory locations) 


memory decoding 2-36 

system memory 2-11 
asynchronous communications 

1/0 interrupt 4-87 

port initialization 4-89 

ports 0,1,2,3 4-82 

sense communication status 4-91 
autocycle circuitry 6-2 
B 
base memory size 3-4,4-53 
battery 2-94 
BIOS 4-26 


BIOS extensions 4-53 


BIOS interrupts 4-28 
asynchronous communications 4-87 
coprocessor 4-39 
diskette 4-68 
fixed disk 4-105 
keyboard 4-93 
miscellaneous 4-139 
printer 4-81 
processor 4-34 
RTC 4-41 
system 12=27 
video 4-121 
RAM locations 4-32 
ROM locations 4-142 
ROM revision code 4-142 
type code 4-142 

block diagrams 
.5- to 2-MB expansion memory board 3-15 
color monitor 12-2 
counter (interval timer) 2-59 
diskette drive 8-2 
dual-mode monitor 12-7 
fixed disk drive, 40 MB 9-19 
fixed disk drive, 130 MB 9-25 
fixed disk drive back-up 10-2 
fixed disk drive controller 9-2 
keyboard 5-1 
keyboard controller 2-76 
1/0 address decoding 2-37 
interrupt controller 2-56 
memory address decoding 2-9 
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block diagrams (cont'd) 


multipurpose fixed disk controller 7-2 
system board 2-2 
video display controller jer 
block move 4-59 
boot fail (INT 18h) 4-67 
bootstrap (INT 19h) 4-67 
bound exceeded (INT 05h) 4-36 
bus 
arbitration 2-35 
cycle 2-25 
signals 2-11 
timing 2-17,2-30 
byte DMA operations 2-40 
Cc 
CEMM 2-5,4-20 
character byte 11-14 
codes 11-15 
format 11-14 
generator 11-4 
set jumper 11-21 
check for key available 4-98 
clock circuits 2-77 
color register 4-132 
COM1 4-32,7-11 
COM2 4-32,7-11 
COMPAQ Extended Memory Manager (CEMM) 2-5,4-20 
composite modulator outputs 729 
composite video connector 1-13 
composite video monitors 7-20 
configuration, memory system 2-65,4-26 


configuration summary 1-6 


connectors 1-13 
asynchronous communications l-13 
color monitor 12-6 
composite video 7-28 
diskette drive 8-4 
dual-mode monitor 12-13 
external 1-13 
expansion bus 2-81 
fixed disk drive 40 MB 9-23 
fixed disk drive back-up 10-17 
fixed disk drive controller 9-30 
internal monitor 7-27 
keyboard 5-34 
lightpen 7-27 
main power 2-84 
monitor power 11-7 
monitor signal 11-7 
parallel printer 1-6 
power supply 6-5 
RGBI connector 7-29 
system board 2-90 
system expansion slots 2-73 
system memory board 2-82 
video display controller 11-23 

controllers 
CRT (6845) 11-3 
DMA 2-41 
diskette 7-9,10-7 
fixed disk drive 7-1 
interrupt 2-51 
keyboard 2-75 
video display controller li-1 

connection, signal descriptions 
diskette drive 8-14 


dual-mode monitor 12-14 
fixed disk drive 9-22,9-30 
keyboard 5-34 
system board 
8-/16-bit bus 2-19 
32-bit bus 2-12 
coprocessor (80287) interrupts 4-39 
CPU 2-4 
bus 2-9 
clock 2-6 
error messages A-1 
interface, video 11-3 
interrupts 4-34 
operations 2-6 
__speed 4-19,4-102 
speed controls 2=35 
status signals 2-7,2-25 
CPU modes 2-4 
real 2-4,4-22,4-26 
protected 2-5,4-22,4-26,4-61 
virtual mode 2-5,4-22 
CRT (see monitor) 
CTRL BREAK service 4-104 
D 
device functions 4-62,4-65 
diagnostics messages A-2 
DMA (direct memory access) 2-40 
channels 2-49 
controller 2-41 
controller registers 2-44 
data transfer 2-46 


memory page register 2-42 


Index 
byte operations 2-40 
port address 2-43 
word operations 2-40 
diskette drives 
connectors 8-4 


controller (see multipurpose fixed disk controller) 


control/data signals 7-26 
data transfer rate 8-3 
error messages A-6 
functional block diagram 8-2 
1/0 function summary 4-72 
interrupts 4-69 
jumpers 7-18 
media state byte 4-71 
parameter table 4-80 
power connector 8-5 
sense status 4-73 
specifications 8-3 
status code error 4-71 
status codes 4-71 
write precompensation 7-11 


display (see monitor) 


double-word (dword) 2-9, 3-1,3-16 
dual-mode monitor 1-5, 11-1, lé=7 
E 
ECE 10-8, 4-113 
error messages A-1 
ESDI controller 9-27 
expanded memory manager (CEMM) 2-18 
expansion bus 
address handling 2-25 
connector 2-90 


3 


i ee ee 
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signals ee a _formatting diskette OD 
expansion slot power allocation 6-4 fGS@sh a ee) 
expansion slots 1-6 _get drive parameters —“‘C;;C4 M2 
external connections, system units 1-6 _ gethtypetiiofudiives = ae ite 
F interrupts 4-105, 4-120 
sR na ee BS parameter table values 4-119, 4-120 
file structure Ore a power cable connector 2-92 
fixed disk controller (ESDI) 9-27 programming 9-3,9-17 
addresses 9-4 i 2 i eer et 
base address 9-27 feo a nS Gino. ee eS 
DICE KEG aie Set ieee eae read sectors 4-109 
command descriptions 9-8 HeGalibrate-driva.~=—CO—=<“i‘“‘i‘ 2 272OCCS”*‘«C ESET 
connectors 9-30,9-31 i) 
control signals 9-30 stehhevilindenL. Ln, BSS Winder. a eS 
GabeeSiigiiaises.c sss ee ee sense status 4-108 
error messages eaers reeds eee FET >!) specifications 10-3 
_Jehronnepontinigh eee status codes 4-106, 4-107 
interleave table 4-5 types 9-2,9-3 
jumpers 9-27 test drive ready 4-116 
reset system 4-108 verify sectors 4-111 
schematics 9-32,9-38 write long 4-114 
status codes 4-107 write sectors 4-110 
fixed disk drive 921 40-MB system 9-19,9-23,1-4 
block diagram 9-19, 9-25 specifications 9-20 
control cable connector 9-23 ,9-28 jumpers 9-21 
control cable signals 9-22,9-30 block diagram 9-19 
controller diagnostic 4-117 connectors 9-22-9-23 
data cable connector 9-23 ,9-28 130-MB system 9-24,9-27,1-4 
data signals 9-22,9-31 block diagram 9-25 
drive 1 parameter table 4-118 jumpers 9-27 
drive 2 parameter table 4-119 specifications 9-26 
error messages A8 


format track 4-111 


¢ 


G 


get key 4-97 
get_key function 4-97 
get printer status 4-85 
get type of drive 4-112 
graphics displays 12-6 
graphics mode 11-16 
H 

hard disk (see fixed disk drive) 

high-scan mode 11-17,12-10 
horizontal scan frequency 12-10 
horizontal sync polarity 11-21 
horizontal timing, video 11-19 
horizontal timing, dual-mode monitor 11-6 
l 

initialization diagnostic messages A-2 
1/0 address decoding 2-9 
1/0 map, system 2-38, 2-39 


1/0 ports 


asynchronous communications controller 7-6,7-12 


Index 5 


1/0 ports (cont'd) 


COM1 7-6 
COM2 7-4 
diskette controller 7-4 
DMA controller 2-44,2-45 
DMA page register 2-43 
fixed disk controller tie’ 
interrupt controller 2-53 
interval timer 2-60 
keyboard controller 2-78 
multipurpose controller 7-4,7-5,7-6 
parallel printer controller 7-4,7-16 
RTC 2-65 
INT 4-28,4-92 
interconnect, system 2-3 
interleave, fixed disk 4-5,9-20,9-26 
internal monitor signals 11-23 
international keyboards B-1 
interrupt controller, 8259A 2-53 ,2-54 
functional diagram 2-56 
values 2-54 
interrupts, BIOS (see also BIOS interrupts) 
address map 12-7 
service calls 12-1 
summary 4-29, 4-30 
interrupts, CPU 4-29 
interrupt, hardware 4-29 
INTR 2-53 
priority 2-55 
international power supply 8-2 
interrupts, PTR 4-29 
interval timers, system 2-5/7 
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joystick 4-57 
jumpers 2-72 
2 MB 32-bit memory expansion board 3-13,3-14 

8 MB 32-bit memory expansion board 3-13,3-14 
multipurpose controller 7-18 
COM1 7-11 
COM2 7-11 
diskette drive 7-18 
fixed disk drive, 40-MB 9-21 
fixed disk drive, 130-MB 9-27 
parallel printer interface 7-19 
video display controller Lil=e21 liie22 
vertical sync polarity 11-21 
video display controller board 11-21 


K 


key Make/Break codes 5-1,5-7 
key repeat rate values 5-12 
keyboard 5=1 
BIOS information, miscellaneous 4-95 
block diagram 5=1 
buffer 5=2 
commands from the system 525 
communication protocol 5=5 
connectors 5-34 
controller transmission 5-6 
data format 2-77 
data handling 2-56 
data timing parameters 2-78 
decimal codes 4-95 
error messages A-5 
features 5=2 
French B=1 
German B-3 
get _key function 4-97 
1/0 4-97 
indicators 4-93 
interface (communications) 5-5 
international B-1 
interrupts, BIOS 4-93 
Italian B-5 
keycodes 5-2 
LEDs 12-68 
responses to the system Se) 
scan codes 
mode 1 5-18 


mode 2 5=23 


mode 3 5-27 
Spanish B-7 
specifications 5-5 
United Kingdom B-9 

keyboard controller 2-75 
block diagram 2-76 
command codes 2-40 
1/0 port 2-81 
port functions 2-78 
status register 2-81 

L 

LEDs 
keyboard 2-84 
PWRGOOD 6-1 

lightpen 11-3,4-126,1-5 

Lotus-Intel-Microsoft expanded memory _1-5,4-20,4-22 

M 

machine ID 4-142 

machine-type code 4-142 

mask register 2-45 

math coprocessor (80287) 2-64 

memory map, RTC 2-66 

media, determination 4-68 

memory address decoding 2-9,2-37 

memory architecture 3-2 

memory arrangement 3-1 

memory, built-in 4-25 

memory configurations and functions 3-3 

memory configurations jumpers 3-13,3-15 

memory devices 3-1 


Index 
memory error codes A-11 
memory error messages A-4 
Memory expansion 3-10 
bus eal 
.5- to 2-MB expansion memory board 3-15 
2-MB 32-bit memory expansion board 3-10 
component layout 3-11 
jumpers 3-13 
schematic 319 
8-MB 32-bit memory expansion board 3-10 
component layout 3-11 
jumpers 3-13 
schematic 3-34 


memory locations used 


by asynchronous communications interrupts _ 4-88 
by coprocessor interrupts 4-40 
by diskette drive interrupts 4-70 
by keyboard interrupts 4-96 
by printer interrupts 4-82 
by system interrupts 4-50 
by tick counter/real-time clock 4-42 
by miscellaneous interrupts, HW 4-140 
by fixed disk drive interrupts 4-105 
by processor interrupts 4-34 
by video interrupts 4-122 
memory map, system 2-66,3-4 
memory, physical 3-8 
32-bit, timing 3-17 
16-bit, timing 3-18 
schematics 3-19 
mode register, video 11-10 


MODE SPEED 4-19 
mode, video 
high-scan 11+3 
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low-scan 11=3 
monitor MW=17, £221 
color 12-1 
brightness control connector 12-4 
composite video 11-18 
dual-mode 12-8 
frequency data 12-1 
horizontal timing 12-7 
power connector 12-14 
resolution, display 12=2;12=10 
signal connector 12-6 
specifications 12=2,12=9 
supported 11-7 
multipurpose fixed disk controller 7-1 
asynchronous circuits 711 
block diagram 7-2 
component layout 7-1 
connectors 7-20 
controller circuits 7-7 
host adapter I/F 7-24 
1/0 ports 7-4 
jumpers 7-18 
port addresses 7-7 
printer circuits 7-16 
schematics 7-30 
switches 7-19 
N 
(NMI) non-maskable interrupt 2-52,4-67 


O 


output signal waveforms (VDU) 11-20 


P 


paged mode address 3=2 
page frame address selection 4-21 
parallel printer connector, 25-pin 1-6 
parallel printer controller, enable 7-19 


performance 1-3 
pinout (see connectors) 
port addresses (see I/0 ports) 


power allocation, expansion bus slot 6-4 
power-down sequences 6-1 
power-on sequence 6-1 
power-on messages A-1 
power-on system initialization 4-22 
power supply 6-1 
connectors 6-5 
fuse 6-1 
specifications 6-3 
print character 4-84 
print screen 4-82 
printer 
BIOS support 4-81 
1/0 4-83 
error messages A-5 
interrupts 4-81,4-86 
initialize 4-85 
port enable 7-16 
status 4-85 
processor error messages A-3 


¢ 


processor identification routine 4-2 
processor modes 
protected 2-5,4-22,4-26,4-61 
real 2-4,4-22,4-26 
virtual 1-9,2-5,2-57,4-22 
R 
RAM 2-11,3-1 
RAM refresh 2-51 
RAM initialization tests 4-23 
RAM power-on testing 3-16 
real memory mode 2-4,4-22,4-26 
real-time clock (see RTC) 
refresh request 2-51 
refresh, RAM 2-51 
reset codes, normal 4-26 
RGBI modulator outputs 12-11 
ROM, system 2-64,4-24 
ROM errors A-2 
initialization tests 4-23 
mapping 3-5 
revision code 4-142 
RTC (real-time clock) 2-65 
address map 2-66 
alarm service 4-48 
configuration byte 2-69 
interrupt (IRQ8) 4-49 
interrupts summary 4-41 
tick counter 4-48 


Index 9 


S 


scan codes, keyboard 5-18 
schematics 
.5- to 2-MB 16 bit memory expansion board 3-41 
4- to 8-MB 32 bit memory expansion board 3-34 
1- to 2-MB 32 bit memory expansion board 3-27 
32-bit system memory board 3-10 
multipurpose fixed disk controller 7-29 
system board 2-95 
video display controller 11-26 
serial port 7-18 
error messages A-7 
initialization 4-89 
receive 4-90 
status 4-91 
transmit 4-90 
shunt, COM1 7-18 
signal connector 
dual-mode monitor 12-14 
RGBI Video 12-6 
software reset 4-26 
speaker interface 2-93 
specifications 
30-MB fixed disk drive 9-26 
40-MB fixed disk drive 9-20 
color monitor 12-2 
diskette drive 8-3 
dual-mode monitor 12-8 
fixed disk drive back-up 10-2 
keyboard 5-5 
power supply 6-3 
system 1-9 
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speed control, CPU 4-19 
AUTO 4-19 
COMMON 4-19 
FAST 4-19 
HIGH 4-19 

switch settings 
fixed disk drive enable 7-19 


memory configurations 2-64 ,3-3,3-7 
parallel printer enable 7-19 
sys req key 4-98 
system block diagram 1=5 
system 
errors A-2 
connectors 2-90 
memory board registers 3-6 
memory board 3-8 
interconnection diagram 2-3 
interrupts 2-53,4-50 
1/0 map 2-38,2-39 
memory map 2-38 
programmable devices 2-37 
ROM 2-64 
speed control 4-18 
system board 2-1 
block diagram 2-22-79 
programmable devices 2-37 
DMA operations 2-40 
schematics 2-95 
switches 2-89 
connectors 2-90 
layout CeO nme: 
power requirements 2-71 


T 
tape drive (see Fixed Disk Back-up) 
text displays 12-10 
tick counter/real-time clock 
interrupts 4-41 
timer, block diagram 2-59 
timers, system 2257 
timin 
16-bit memory 3-17 
32-bit memory 3-18 
expansion bus 2-17 
keyboard transmissions 5-6 
transmit character 4-90 
V 
VDU 1-4 
VDU ROM 7-8 
vector 12-2 
vertical scan frequency 7-5 
vertical sync polarity 7-23 
vertical timing 7-21 
vertical timing, dual-mode monitor 11-6 
Video 
error messages A-6 
1/0 (INT 10h) 4-122 
interrupts 4-121 
mode parameters 4-137 
parameter table 4-136 
video display controller 11-1 
address, standard 11-4 


character generator 1i-5 


Index 11 


compatibility 12-3,12-9 


connectors 11-23 
data register, 6845 11-8 
functional block diagram 11-2 
graphics displays 11-16 
index register, 6845 11-8 
jumpers 11-21,11-22 
output signal waveforms 11-20 
programming 11-8 
register initial values, 6845 11-9 
display modes 11-14 
error messages A-5 
monitors supported 11-17 
schematics 11-26 
specifications 11-2 
text_displays 11-14 
timing, video 12-11,12-12 

WwW 

word DMA operations 2-40 


Winchester disk (see Fixed Disk Drive) 
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